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1. This technical data may be controlled under U.S. Export Administration Regulations and may 
be subject to the approval of the U.S Department of Commerce prior to export. Any export 
or re-export, directly or indirectly, in contravention of the U.S. Export Administration 
Regulations is strictly prohibited. 

2. LIFE SUPPORT POLICY 

Toshiba products described in this data book are not authorized for use as critical 
components in life support systems without the written consent of the appropriate officer of 
Toshiba America, Inc. Life support systems are either systems intended for surgical implant 
in the body or systems which sustain life. 

A critical component is any component of a life support system whose failure to perform may 
cause a malfunction of the life support system, or may affect its safety or effectiveness. 

3. The information in this data book has been carefully checked and is believed to be reliable; 
however, no responsibility can be assumed for inaccuracies that may not have been caught. 
All information in this data book is subject to change without prior notice. Furthermore, 
Toshiba cannot assume responsibility for the use of any license under the patent rights of 
Toshiba or any third parties. 
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rOSHIBA 


Introduction 


We are proud to introduce Toshiba’s 1994 DRAM Components and Modules data book. The layout and 
contents of this data book were designed to address and resolve various concerns expressed by the design 
engineering and purchasing communities. 

The first section consists of our DRAM component data sheets and corresponding package mechanical 
dimensions. It was our intention only to provide data sheets which correspond to part numbers of DRAM products 
which are in volume production and are recommended for new designs. We hope that this approach will help 
eliminate the experience of designing-in a particular device, only to find out later that it is difficult or impossible 
to source. 

The next section consists of DRAM module data sheets and their corresponding AC conditions. Again, only 
module configurations and part numbers in volume production are listed in this section. 

We have included a section labeled “Next Generation Products”. The devices in this section will soon be in 
production and are suitable for new designs in the 1994 time-frame. 

Finally, we have included reference documents and application notes to make your use of our products easier. 

For additional information, please contact your local Toshiba sales office listed on the back cover. 
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DRAM COMPONENTS 

PART NUMBER DESCRIPTION ISSUE DATE PAGE 


TC514100ASJ/AZ/AFT-60/70/80 

4Mxl Fast Page 

05-91 

A-1 

TC514100ASJL/AFTL-60/70/80 

4Mxl Low Power 

05-91 

A-21 

TC5116100J/Z/FT-60/70 

16Mxl Fast Page 

10-91 

A-39 

TC514400AS J/AZ/AFT-60/70/80 

lMx4 Fast Page 

05-91 

A-59 

TC514400ASJL/AFrL/ATRL-60/70/80 

IMx4 Low Power 

05-91 

A-79 

TC51V4400ASJLyAFTL-80 

lMx4 3.3V Low Power 

04-92 

A-99 

TC514410ASJ-60/70/80 

lMx4 Write-per-bit 

10-90 

A-119 

TC5117400J/Z/FT-60/70 

4Mx4 Sym-2K 

10-91 

A-139 

TC5116400J/FT-60/70 

4Mx4 Asym-4K* 

10-91 

A-159 

TC514800AJ/AZ/AFT-70/80 

512Kx8 Fast Page 

08-92 

A-185 

TC514800AJL/AFTL-70/80 

512Kx8 Low Power 

08-92 

A-207 

TC514800AJLL/AFTLL-70/80 

512Kx8 Self Refresh 

08-92 

A-229 

TC5117800ANJ/ANT-60/70/80 

2Mx8 Asym-2K* 

08-92 

A-247 

TC514900AJ/AFT-70/80 

512Kx9 Fast Page 

08-92 

A-271 

TC514900AJL-70/80 

512Kx9 Low Power 

08-92 

A-293 

TC514900AJLL-70/80 

512Kx9 Self Refresh 

08-92 

A-315 

TC514260B J/BFT-70/80 

256Kxl6 2-CAS Sym-512* 

12-91 

A-333 

TC514170BJ-70/80 

256Xxl6 2-WE Asym-IK* 

08-91 

A-363 

TC514273BJ-70/80 

256Kxl6 2-WE Write-per-bit 

06-92 

A-393 

TC5118160AJ/AFT-70/80 

lMxl6 2-CAS Sym-IK* 

08-92 

A-421 

TC5116160AJ/AFr-60/70/80 

lMxl6 2-CAS Asym-4k* 

08-92 

A-449 

TC5118180AJ/AFr-70/80 

lMxl8 2-CAS Sym-IK* 

08-92 

A-479 

TC5116180AJ/AFr-60/70/80 

lMxl8 2-CAS Asym-4K* 

08-92 

A-511 


* See NOTE 1 on last contents page 
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DRAM PACKAGE MECHANICAL DIMENSIONS 


DRAWING NUMBER 

DRAM COMPONENT(S) 

PAGE 

ZIP20-P-400A 

4Mxl,lMx4 

B-1 

ZIP24-P-475 

16Mxl, 4Mx4 

B-2 

ZIP28-P-400 

512Kx8 

B-3 

SOJ26-P-300A 

4Mxl, lMx4 

B-4 

SOJ28-P-400A 

16MxI, 4Mx4 

B-5 

SOJ28-P-400 

512Kx8,2Mx8, 512Kx9 

B-6 

SOJ40-P-400 

256Kxl6 

B-7 

SOJ42-P-400 

lMxl6, lMxl8 

B-8 

TSOP26-P-300 

4Mxl, lMx4 

B-9 

TSOP26-P-300A 

lMx4 (Reverse-bend) 

B-10 

TSOP28-P-400B 

16Mxl,4Mx4 

B-11 

TSOP28-P-400 

512Kx8, 2Mx8, 512Kx9 

B-12 

TSOP44-P-400B 

256Kxl6 

B-13 

TSOP50-P-400 

lMxl6, lMxl8 

B-14 


DRAM MODULES 


PART NUMBER 

DESCRIPTION 

ISSUE DATE 

PAGE 

THM321000AS/ASG-60/70/80 

lMx32, lMx4-based 

10-91 

C-1 

THM3210B0AS/ASG-70/80 

lMx32, lMxl6-based 

12-92 

C-7 

THM322020AS/ASG-60/70/80 

2Mx32, lMx4-based 

02-92 

C-13 

THM3220C0AS/ASG-70/80 

2Mx32, lMxl6-based 

12-92 

C-19 

THM324000S/SG-60/70 

4Mx32,4Mx4-based 

10-92 

C-25 

THM328020S/SG-60/70 

8Mx32,4Mx4-based 

10-92 

C-31 

THM361020AS/ASG-60/70/80 

lMx36, lMx4/lMxl-based 

11-91 

C-37 

THM3610B0AS/ASG-70/80 

lMx36, lMxl8-based 

05-93 

C-43 

THM361070AS/ASG-60/70/80 

lMx36, lMx4-based, ECC+ 

03-93 

C-49 

THM362020AS/ASG-60/70/80 

2Mx36, lMx4/lMxl-based 

02-92 

C-55 

THM362040AS/ASG-60/70/80 

2Mx36,1” Height 

02-92 

C-61 

THM3620C0AS/ASG-70/80 

2Mx36, lMxl8-based 

05-93 

C-67 

THM362060AS/ASG-60/70/80 

2Mx36, lMx4-based, ECC+ 

03-93 

C-73 

THM364020S/SG-60/70 

4Mx36,4Mx4/4Mxl-based 

10-92 

C-79 

THM3640A0S/SG-60/70 

4Mx36,4Mx4-based, ECC+ 

03-93 

C-85 

THM368020S/SG-60/70 

8Mx36,4Mx4/4Mxl-based 

10-92 

C-91 

THM3680A0S/SG-60/70 

8Mx36,4Mx4-based, ECC+ 

03-93 

C-97 


-I- See NOTE 2 on last contents page. 
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DRAM MODULE AC CONDITIONS 


REFERENCE NUMBER 

DESCRIPTION 

ISSUE DATE 

PAGE 

AC Conditions No. 4 

lMx4/lMxl-based 

10-91 

D-1 

AC Conditions No. 8 

lMx4-based 

10-91 

D-9 

AC Conditions No. 11 

lMx4-based, with OE 

03-93 

D-23 

AC Conditions No. 12 

lMx4/lMxl TSOP-based 

10-91 

D-45 

AC Conditions No. 13 

4Mx4 4K Refresh-based 

03-93 

D-55 

AC Conditions No. 15 

4Mx4/4Mxl-based 

02-92 

D-77 

AC Conditions No. 16 

4Mx4 2K Refresh-based 

04-92 

D-85 

AC Conditions No. 20 

lMxl6 and lMxl8-based 

04-93 

D-99 

NEXT GENERATION PRODUCTS 



REFERENCE NUMBER 

DESCRIPTION 


PAGE 


Third Generation 16M DRAM 16M DRAM 16Mxl/4Mx4 in 300mil SOJ/TSOP E-1 

4Mx4 Quad-CAS 
Hyper Page Mode 
3.3V Operation 
512Kx32/x36 

3.3V DRAM 256Kxl6,16Mxl, 4Mx4, lMxl6,2Mx8 E-7 

Small Outline SIMM x32 Family, 2.35” Length, Dual Readout E-9 


8-Byte SIMM x64 and x72 Families E-11 

CROSS REFERENCE GUIDE F-1 

16M DRAM RELIABILITY REPORT G-1 

APPLICATION NOTES 

APPLICATION NOTE TITLE PAGE 

Symmetrical vs. Asymmetrical Addressing H-1 

lMxl6 (5V) vs. lMx4 (3.3V) DRAM Comparison H-5 

Module Conversion from 4M DRAM-based to 16M DRAM-based H-7 

Module Applications H-9 
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NOTE 1: 

Sym-512 = Symmetrical Address(9 Row/9 Column) 

512 Refresh Cycles/8ms 

Sym-IK = Symmetrical Address (10 Row/10 Column) 

1024 Refresh Cycles/16ms 

Sym-2K = Symmetrical Address (11 Row/11 Colunm) 

2048 Refresh Cycles/32ms 

Asym-IK = Asymmetrical Address (10 Row/8 Column) 

1024 Refresh Cycles/16ms 

Asym-2K = Asymmetrical Address (11 Row/10 Column) 

2048 Refresh Cycles/32ms 

Asym-4K = Asymmetrical Address (12 Row/10 Column for 4M or 12 Row/8 Column for lMxl6) 

4096 Refresh Cycles/64ms 

Refer to Application Note for further details 

NOTE 2: 

x36 modules designated with “ECC” are optimized for ECC applications and x36 modules without the 

“ECC” designation are optimized for parity applications. 

Refer to Application Note for further details. 
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TC51410QASJ/AZ/AFT-60/70/80 


4,194,304 WORD X 1 BIT DYNAMIC RAM 

DESCRIPTION 

THE TC514100A is the new generation dynamic RAM organized 4,194,304 word by 1 bit. The 
TC514410ASJ/AZ/AFT utilizes Toshiba’s CMOS silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the system user. Multiplexed address inputs 
permit the TC514100A to be packaged in a standard 26/20 pin plastic SOJ (300mil), 20 pin plastic ZIP, 26/20 
pin plastic TSOP. The package size provides high system bit densities and is compatible with widely available 
automated testing and insertion equipment. System oriented features include single power supply of 5V± 10% 
tolerance, direct interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES 

• 4,194,304 word by 1 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V+ 10% with a built- 
in VgB generator 

• Low Power 

660mW MAX. Operating 
(TC514100ASJ/AZ/AFT-60) 

550mW MAX. Operating 
(TC514100ASJ/AZ/AFT-70) 

468mW MAX. Operating 
(TC514100ASJ/AZ/AFT-80) 

5.5mW MAX. Standby 

• Outputs unlatched at cycle end allows two-di¬ 
mensional chip selection 

• Common I/O capability using “EARLY 

WRITE” operation _ _ 

• Read -Modify-Write, CAS before RAS refresh, 
RAS-only refresh. Hidden refresh. Fast Page 
Mode and Test Mode capability 

• All inputs and outputs T^ compatible 

• 1024 refresh cycles/16ms 

• Package TC514400ASJ : SOJ26-P-300A 

TC514400AZ : ZIP20-P-400A 

TC514400AFT : TSOP26-P-300 


KEY PARAMETERS 
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TC514100ASJ/AZ/AFT-60/70/80 


PIN NAME 



PIN CONNECTION (TOP VIEW) 


Plastic SOJ 



Plastic ZIP 

ro 

1/04 
1/01 
WRITE 
A9 
A1 
A3 
A4 
A6 
A8 



Plastic TSOP (Normal Bend Type) 
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TC514100ASJ/AZ/AFT-60/70/80 


BLOCK DIAGRAM 



ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 

ViN 

—1~7 

V 

1 

Output Voltage 

VoUT 

—1~7 

V 

1 

Power Supply Voltage 

^CC 

—1~7 

V 

1 

Operating Temperature 

Tqpr 

0~70 

°c 

1 

Storage Temperature 


-55-150 

°c 

1 

Soldering Temperature • Time 


260 • 10 

°C • sec 

1 

Power Dissipation 

Pd 

700 

mW 

1 

Short Circuit Output Current 

I 

OUT 

50 

mA 

1 


*This parameter is periodically sampled and is not 100% tested. 
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D.C. ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX 

UNIT 

NOTE 

1 

CCl 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CaS, Address Cycling: Irc^^RC MIN) 

TC514100ASJ/AZ/AFT-60 

- 

120 

mA 

3,4 

5 

TC514100ASJ/AZ/AFT-70 

- 


TC514100ASJ/AZ/AFT-80 

- 

■a 

1 

CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V jh) 

■ 

2 

mA 


1 

CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=Vjjj: tR(^=tR(;; MIN.) 

TC514100ASJ/AZ/AFT-60 

- 

120 

mA 

3,5 

TC514100ASJ/AZ/AFT-70 

- 


TC514100ASJ/AZ/AFT-80 

- 

85 

1 

CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS =Vil, CAS, Address Cycling: tpc=tpc MIN.) 

TC5141(X)ASJ/AZ/AFT-60 

- 

60 

mA 

3,4 

5 

TC514100ASJ/AZ/AFT-70 

- 

mm 

TC514100ASJ/AZ/AFT-80 

- 

50 

1 

CCS 

STANDBY CURRENT 

Power Supply Standby Current 
(R7f5=CS5=Vcc-0.2V) 

■ 

1 

mA 


1 

CC6 

CSS BEFORElfSS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS, Cycling: tRc=tRc MIN.) 

TC514100ASJ/AZ/AFT-60 

- 

120 

mA 

3,5 

TC514100ASJ/AZ/AFT-70 

- 

mji 

TC514100ASJ/AZ/AFT-80 

- 

85 

1 

I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(OV<Vin< 6.5V, All Other Pins Not Under Test=OV) 

-10 

10 

pA 


'cKL) 

OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, (OV<Vout<5.5V), 

-10 

10 

pA 

■ 

jim 

OUTPUT LEVEL 

Output “H” Level Voltage (IouT='5inA) 

2.4 

“ 

B 


im 

OUTPUT LEVEL 

Output “L” Level Voltage (IouT=4-2niA) 

a 

0.4 

B 
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TC514100ASJ/AZ/AFT-60/70/80 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (Vcc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 



TC514100ASJ/AZ/AFr 


PARAMETER 


Random Read or Write Cycle Time 


Read-Modify-Write Cycle 


Fast Page Mode Cycle Time 


Fast Page Mode Read-Modify- 
Write Cycle Time 


Access Time from RAS 


Access Time from CAS 


Access Time from Column Address 


Access Time from Cas Precharge 


CAS to Output in Low-Z 


Output Buffer Turn-off Delay 


Transition Time (Rise and Fall) 


RAS Presharge Time 


RAS Pulse Width 


RAS Pulse Width (Fast Page Mode) 


RAS Hold Time 


RaS Hold Time From CAS 
Precharge (Fast Page Mode) 


CAS Hold Time 


CAS Pulse Width 


RAS to CAS Delay Time 


RAS to Column Address Delay 
Time 


CAS to RaS Precharge Time 


CAS Precharge Time 


Row Address Set-Uup Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Column Address To RAS Lead 
Time 


Read Command Set-Up Time 


Read Command Hold Time 


Read Command Hold Time refer¬ 
enced to RAS 


Write Command Hold Time 
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TC514100ASJ/AZ/AFT-60/70/80 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 
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TC514100ASJ/AZ/AFT-60/70/80 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS IN THE TEST MODE 




TC514100ASJ/AZ/AFT 


SYMBOL 

PARAMETER 

- 

60 

- 

70 

- 

80 

UNIT 



MIN 

MAX. 

MIN 

MAX 

MIN 

MAX 


tRC 

Random Read or Write Cycle Time 

115 

- 

135 

- 

155 

- 

ns 

tpc 

Fast Page Mode Cycle Time 

50 

- 

50 

- 

55 

- 

ns 


Irac 

Access Time from RAS 

ICAC 

Access Time from CAS 

Iaa 

Access Time from Column Address 

ICPA 

Access Time from CAS Precharge 

Iras 

RAS Pulse Width 

Irasp 

RAS Pulse Width (Fast Page Mode) 

Irsh 

RAS Hold Time 


- 

65 

- 

75 

- 

85 

ns 

- 

25 

- 

25 

- 

25 

ns 

- 

35 

- 

40 

- 

45 

ns 

- 

45 

- 

45 

- 

50 

ns 

65 

10,000 

75 

10,000 

85 

10,000 

ns 

65 

200,000 

75 

200,000 

85 

200,000 

ns 

25 

- 

25 


25 

- 

ns 


tcSH 

tRHCP 

^CAS 

tRAL 


CAS Hold Time 

65 

RAS Hold Time From CAS Pre¬ 


charge (Fast Page Mode) 

43 

rXS Pulse Width 

25 

Column Address to RAS Lead Time 

35 



ns 


ns 


ns 


ns 



CAPACITANCE (Vcc = 5V ± 10%, f = IMHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 


Input Capacitance (AO-A10, Dj^) 

- 

5 

pF 

Ci2 

Input Capacitance (RAS, CAS, WRl lE) 

- 

7 

Co 

Input Capacitance (Dour) 

- 

7 
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TC514100ASJ/AZ/AFT-60/70/80 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to 
the device. 

2. All voltages are referenced to Vss- 

3- Icci. Icc 3 ’ Icc 4 . Icc6 depend on cycle rate. 

4. I^ci, Icc 4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=Vil. In case of Icc 4 . it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 200ps is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume ti^Sns. 

8. VjH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between Vjh and Vjl. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

11. Either tRcn or tRRjj must be satisfied for a read cycle. 

12. These parameters are referenced to cAs leading edge in early write cycles and to WRITE leading edge 
in Read-Modify-Write cycles. 

13- twcs’ Irwd> 1cwd> Iawd 3nd tcpwo ^re not restictive operating parameters. They are included in the data 

sheet as electrical characteristics only. If t^cs -^wcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If Irwo^rwo (min.), 
tcwD-icwD (min.), t^wt^AWD (min.) and tcpwi^krpwD (min.), (Fast Page Mode), the cycle is a Read- 
Modify-Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the tR^p (max.) limit insures that tRy^^c oan be met. tR^o (max.) is specified as a 
reference point only: If Ircd is greater than the specified tRco (max.) limit, then access time is controlled 
i’y tcAC- 

15. Operation within the tR^p (max.) limit insures that tR^c (max.) can be met. tR^p (max.) is specified as 
a reference point only: If tR^o is greater than the specified tR^p (max.) limit, then access time is 
controlled by t^A- 


A-8 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 




TC514100ASJ/AZ/AFT-60/70/80 











TC514100ASJ/AZ/AFT-60/70/80 



A-10 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 





TC514100ASJ/AZ/AFT-60/70/80 


FAST PAGE MODE READ CYCLE 

Ra5 


Ca5 


A0~A10 


wftiTE 


DquT 
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TC514100ASJ/AZ/AFT-60/70/80 



2 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 









TC514100ASJ/AZ/AFT-60/70/80 
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TC514100ASJ/AZ/AFT-60/70/80 


css BEFORE RSS REFRESH COUNTER TEST CYCLE 



1^ -. "H“ or"L” 
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TC514100ASJ/AZ/AFT-60/70/80 







TC514100ASJ/AZ/AFT-60/70/80 



FAST PAGE MODE READ CYCLE IN THE TEST MODE 








TC514100ASJ/AZ/AFT-60/70/80 
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TC514100ASJ/AZ/AFT-60/70/80 


TEST MODE 

The TC514100/ASJ/AZ/AFT is the RAM organized 4,194,304 words by 1 bits, internally organized 
524,288 words by 8 bits. In “Test Mode”, data are written into 8 sectors in parallel and retrieved the same way. 
Aior, Ajoc and Aqc is not used. If, upon reading, all bits equal (all “l”s or “0”s), the data output pin indicates a 
“1”. If any of the bits differed, the data output pin would indicate a “0”. Fig. 1 shows the block diagram of 
TC514(X)/ASJ/AZ/AFT. In “Test Mode”, the 4M DRAM can be tested as if it were a 512K DRAM. 

“WRITE, CAS Before RAS Refresh Cycle” puts the device into “Test Mode”. And “Cas Before RAS 
Refresh Cycle” or RAS Only Refresh Cycle” puts it back into “Normal Mode”. In the Test Mode, “WRITE, 
CAS Before RAS Refresh Cycle” performs the refresh operation with internal refresh address counter. The 
‘Test Mode” function reduces test times (1/8 in case of N test pattern). 

BLOCK DIAGRAM IN THE TEST MODE 



Figure 1 
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TC514100ASJL/AFIL60/70/80 


4,194,304 WORD X 1 BIT DYNAMIC RAM 

DESCRIPTION 

The TC514100ASJL/AFrL is the new generation dynamic RAM organized 4,194,304 word by 1 bit. The 
TC514100ASJL/AFTL utilizes Toshiba’s CMOS silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the system user. Multiplexed address inputs 
permit the TCSMIOOASJL/AFTL to be packaged in a standard 26/20 pin plastic SOJ (300), 26/20 pin plastic 
TSOP. The package size provides high system bit densities and is compatible with widely available automated 
testing and insertion equipment. System oriented features include single power supply of 5V+ 10% tolerance, 
direct interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES 

• 4,194,304 word by 4 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% with a built- 
in Vbb generator 

• Low Power 

660mW MAX .Operating 
(TC514100ASJL/AFTL-60) 

550mW MAX. Operating 
(TC514100ASJL/AFTL-70) 

468mW MAX. Operating 
(TC514100ASJL/AFTL-80) 
l.lmW MAX. Standby 

• Outputs unlatched at cycle end allows two-di¬ 
mensional chip selection 

• Common I/O capability using “EARLY 

WRITE” operation _ _ 

• Read-Modify-Write, CAS before RAS refresh, 
RAS-only refresh. Hidden refresh. Fast Page 
Mode and Test Mode capability 

• All inputs and outputs T^ compatible 

• 1024 refresh cycles/128ms 

• Package TC514400ASJL : SOJ26-P-300A 

TC514400AFTL: TSOP26-P-300 


KEY PARAMETERS 



ITEM 

TC514100ASJL/AFTL 


-60 

-70 

-80 

^RAC 

Access Time 

60ns 

70ns 

80ns 

^AA 

Column Address 

Access Time 

30ns 

35ns 

40ns 

*CAC 

Access Hme 

20ns 

20ns 

20ns 

tRC 

Cycle Time 

110ns 

130ns 

150ns 

tpc 

Fast Page Mode 

Cycle Time 

45ns 

45ns 

50ns 


A_0-« 
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TC514100ASJL/AFTL-60/70/80 


PIN NAME 


A0~A10 

Address Inputs 


Row Address Strobe 


Data In 

Dour 

Data Out 

UK5 

Column Address Strobe 

WRITE 

Read/Write Input 

^cc 

Power (+5V) 

Vss 

Ground 

N.C. 

No Connection 


PIN CONNECTION (TOP VIEW) 


WRITEC2 
R73C3 
fvl.C.C 4 
A10[ 


Plastic SOJ 



Plastic TSOP (Normal Bend Type) 


D|nC 

®1 26 

3 Vss 

writeC 

2 25 

3 Pout 

rase 

3 24 

] CAS 

N.C.C 

4 23 

] N.C. 

AlOC 

5 22 

3 A9 

AOC 

9 18 

3 A8 

AlC 

10 17 

]A7 

A2C 

11 16 

] A6 

A3C 

12 15 

3A5 

VccC 

13 14 

] A4 


A_00 
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BLOCK DIAGRAM 



ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 

ViN 

—1~7 

V 

1 

Output Voltage 

^OUT 

—1~7 

V 

1 

Power Supply Voltage 

Vcc 

— 1~7 

V 

1 

Operating Temperature 

fsmi 

0~70 

°C 

1 

Storage Temperature 


— 55-150 

°C 

1 

Soldering Temperature • Time 


260* 10 

°C • sec 

1 

Power Dissipation 

Pd 

700 

mW 

1 

Short Circuit Output Current 

I 

OUT 

50 

mA 

1 
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TC514100ASJL/AFnr60/70/80 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 



PARAMETER 



Supply Voltage 


Input High Voltage 


Input Low Voltage 


D.C. ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°C) 


SYMBOL 



PARAMETER 


TC514100ASJL/AFrL-60 


TC514100ASJL/AFTL-70 


TC514100ASJL/AFTL-80 


TC514100ASJUAFrL-60 


TC514100ASJL/AFTL-70 


TC514100ASJI7AFTL-80 


TC5141(X)ASJL/AFrL-60 


TC514100ASJL/AFrL-70 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: tRc=tRC MIN.) 


STANDBY CURRENT 
Power Supply Standby Current 
(rAS=CAS=V jjj) 


RAS ONLY REFRESH CURRENT Average 
Power Supply Current, 555 Only Mode 
(RAS Cycling, CAS=Vjjj: MIN.) 


FAST PAGE MODE CURRENT 
Average Power Supply Current, Fast Page Mode 

(RAS =ViL, cAS,Addiess Cycling:tpc=tpc MIN.) |tC514100ASJL/AFTL-80 


STANDBY CURRENT 
Power Supply Standby Current 
(RAS=C AS=V (;[;;-0.2 V) 


CSS BEFORETISS REFRESH CURRENT TC514100ASJL/AFTL-60 
Average Power Supply Current, CSS Before RAS TC514100ASJL/AFTL-70 
Mode (RAS, CSS, Cycling; tRc=tRc MIN.) TC514100ASJLyAFTL-80 


Battery Back Up Current 

Average Power Suuply Current, Battery Back Up Mode 
(CAS=CAS Before RAS Cycling or 0.2V, wkl'rE=Vcc-0.2V 
A0~10=Vcc-0.2V or 0.2V, Din=Vcc-0.2V, 0.2V or OPEN: 
tRC=125ps, Ir^s-^res min. ~lps) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V^in< 6.5 V, All Other Pins Not Under Test=0V) 


OUTPUT LEAKAGE CURRENT 
(Dour is disabled, OV ^out-5-5V) 


OUTPUT LEAKAGE CURRENT 
Output “H” Level Voltage (IouT=-5mA) 


OUTPUT LEAKAGE CURRENT 
Output “L” Level Voltage (IouT=4.2mA) 
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TC514100ASJL/AFTL-60/70/80 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (Vcc = 5V ± 10%, Ta = 0~70°C)(Notes 7,8,9) 



TC514100ASJL/AFTL 


PARAMETER 


Random Read or Write Cycle Time 


Read-Modify-Write Cycle 


Fast Page Mode Cycle Time 


Fast Page Mode Read-Modify-Write 
Cycle Time 


Access Time from RAS 


Access Time from CAS 


Access Time from Column Address 


Access Time from CAS Precharge 


CAS to Output in Low-Z 


Output Buffer Turn-off Delay 


Transition Time (Rise and Fall) 


RAS Presharge Time 


RAS Pulse Width 


RAS Pulse Width (Fast Page Mode) 


RAS Hold Time 


RAS Hold Time From CAS 
Precharge (Fast Page Mode) 


CAS Hold Time 


CAS Pulse Width 


RAS to CAS Delay Time 


RAS to Column Address Delay Time 


CAS to RAS Precharge Time 


CAS Precharge Time 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Column Address To RAS Lead Time 



60 10,000 70 10,000 80 10,000 


60 200,000 70 200,000 80 200,000 



, 1 
iRCS 

Read Command Set-Up Time 

0 

- 

0 

- 

0 

- 

Irch 

Read Command Hold Time 

0 

- 

0 

- 

0 

- 

^RRH 

Read Command Hold Time refer¬ 
enced to RAS 

0 


0 

■ 

0 

■ 

IwCH 

Write Command Hold Time 

10 

- 

15 

- 

15 

- 


UNIT 


ns 

ns 

ns 

ns 

ns 

ns 

ns 

- 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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TC514100ASJL/AFTL-60/70/80 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 



SYMBOL 

PARAMETER 

TC514100ASJL/AFTL 

UNIT 

NOTES 

-60 

-70 

-80 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

twp 

Write Command Pulse Width 

10 

- 

15 

- 

15 

- 

ns 


^RWL 

Write Command to RAS Lead Time 

20 

- 

20 

- 

20 


ns 


tcWL 

Write Command to CAS Lead Time 

20 

- 

20 

- 

20 

- 

ns 


^DS 

Data Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 

13 

^DH 

Data Hold Time 

15 

- 

15 

- 

15 

- 

ns 

13 

tREF 

Refresh Period 

- 

128 

- 

128 

- 

128 

ms 


twcs 

Write Command Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 

14 

k:wD 

CAS to WRITE Delay Time 

20 

- 

20 

- 

20 

- 

ns 

14 

^RWD 

RAS to WRITL Delay Time 

60 

- 

70 

- 

80 

- 

ns 

14 

^AWD 

Column Address to WrI I'E Delay 
Time 

30 

- 

35 

a 

40 

a 

ns 

14 

*CPWD 

CAS Precharge to WRl'l E Delay 
Time 

40 

- 

40 

a 

45 

D 

ns 

14 

k:sR 

CAS Set-Up Time 
(CAS before RAS Cycle) 

5 

- 

5 

a 

5 

H 

ns 


k:HR 

CAS Hold Time 
(CAS before RAS Cycle) 

15 

- 

15 

mi 

15 

■ 

ns 

■ 

^RPC 

RAS to CAS Precharge Time 

0 

- 

0 

- 

0 

- 

ns 


tcPT 

CAS Precharge Time 
(CaS before RAS Counter Test 

Cycle 

30 

■ 

40 

■ 

40 

■ 

ns 

■ 

t\VTS 

Write Command Set-Up Time 
(Test Mode In) 

10 

- 

10 

a 

10 

a 

ns 

■ 

^WTH 

Write Command Hold Time 
(Test Mode In) 

10 

- 

10 

■ 

10 

D 

ns 

■ 

twRP 

WKl l E to RAS Precharge Time 
(CAS before RAS Cycle) 

1 

10 : 

- 

10 

■ 

10 

■ 

ns 

■ 

twRH 

Write to RAS Hold Time 
(CaS before RAS Cycle 

10 

- 

10 

D 

10 

■ 

ns 

■ 


tk.OR 
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TC514100ASJL/AFTI^60/70/80 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS IN THE TEST MODE (Vcc = 5V ± 10%,Ta = 
0~70°C(Notes 7,8,9) 


SYMBOL 

PARAMETER 

IrC 

Random Read or Write Cycle Time 

tpc 

Fast Page Mode Cycle Time 

tRAC 

Access Time from RAS 

tcAC 

Access Time from CAS 

^AA 

Access Time from Column Address 

ICPA 

Access Time from CAS Precharge 

^RAS 

RAS Pulse Width 

tRASP 

RAS Pulse Width (Fast Page Mode) 


RAS Hold Time 

k:sH 

CAS Hold Time 

^RHCP 

CAS Precharge to RAS Hold Time 

k:AS 

CAS Pulse Width 

^RAL 

Column Address to RAS Lead 

Time 


TC514100ASJL/AFrL 
^60 ^70 ^80 

MIN MAX MIN MAX MIN MAX 
115 ^ isT ^ 




45 - 45 - 50 

^ 10,000 75 10,000 85 10,000 

Is 200,000 75 200,000 ^ 200,000 

Is ^ 25 ^ 25 T" 


65 


75 


85 



UNIT 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


NOTES 




10,15, 

16 


10,15 


10,16 




CAPACITANCE (Vcc = 5V ± 10%, f = IMHz, Ta = 0 ~: 



PARAMETER 


Input Capacitance (A0~A10, Djn) 


Input Capacitance (RAS, CAS, WRITE,) 


Input Capacitance (Dqut) 































































































































TC514100ASJL/AFrL60/70/80 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to 
the device. 

2. All voltages are referenced to Vgs. 

3- Icci> Icc 3 « Icc 4 . Icc6 depend on cycle rate. 

4- Icci* Icc 4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while rAs=V|l. In case of Icc 4 > it can be changed once or less 
during a fast page mode cycle (tp^). 

6. tRAs (inax.)=lps is only applied to refresh of battery-back up. tR^s (inax.)=10ps is ^plied to functional 
operating. 

7. An initial pause of 200ps is required after power-up followed by 8 Ras only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RaS refresh cycles instead of 8 RAS only refresh cycles are required. 

8. AC measurements assume t-p=5ns. 

9. ViH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between Vyj and Vjl. 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

11. toFF (ntax.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

12. Either t^cn or ^rrh "lust be satisfied for a read cycle. 

13. These parameters are referenced toCAS leading edge in early write cycles and to WRITE leading edge 
in Read-Modify-Write cycles. 

14. twcs> 1 rwd> 1cwd> Iawd tcpwD ool restictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If %cs ^^wcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If IrwdXrvvd (min.), 
tcwD^lcwD (min.), t^wD^lAWD (min.) and tcpwp^krwDo (min.), (Fast Page Mode), the cycle is a Read- 
Modify-Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

15. Operation within the tRco (max.) limit insures that tR^c can be met. tRco (max.) is specified as a 
reference point only: If tRco is greater than the specified tRco (max.) limit, then access time is controlled 
by tcAC- 

16. Operation within the tR^^u (max.) limit insures that tR^c (max.) can be met. tR^p (max.) is specified as 
a reference point only: If Ir^d is greater than the specified tR^p (max.) limit, then access time is 
controlled by t^A- 
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TIMING WAVEFORMS 

READ CYCLE 


^ASg ,1.1 JraH . , \U 


ROW COLUMN 


V,H—^ 





tpRH 

[ 1 







: "H* or "L 


WRITE CYCLE (EARLY WRITE) 




1 '*'^5 1 




\'///\ : ”H' or -L- 
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css BEFORE R^ REFRESH COUNTER TEST CYCLE 



or "L 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 
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TEST MODE 

The TC514100ASJL/AFrL is the RAM organized 4,194,304 words by 1 bits, it is internally organized 
524,288 words by 8 bits. In “Test Mode”, data are written into 8 sectors in parallel and retrieved the same way. 
Ajor, Ajoc and Ao^ are not used. If, upon reading, all bits equal (all “r’s or “0”s), the data output pin indicates 
a‘T”. If any of the bits differed, the data output pin would indicate a “0”. Fig. 1 shows the block diagram of 
TC514100ASJL/AFTL. In “Test Mode”, the DRAM can be tested as if it were a 512K DRAM. 

“WRITE, CAS Before RAS Refresh Cycle puts the device into ‘Test Mode”. And “CAS Before RAS 
Refresh Cycle” or RAS Only Refresh Cycle” puts it back into “Normal Mode”. In the Test Mode, “WRITE, 
CAS Before RAS Refresh Cycle” performs the refresh operation with internal refresh address counter. The 
“Test Mode” function reduces test times (1/8 in case of N test pattern). 


BLOCK DIAGRAM IN THE TEST MODE 



Figure 1 
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TC5116100J/Z/Fr-60/70 

16,777^16 WORD X 1 BIT DYNAMIC RAM 

DESCRIPTION 

The TC5116100J/Z/FT is the new generation dynamic RAM organized 16,777,216 word by 1 bit. The 
TC5116100J/Z/FT utilizes Toshiba’s CMOS silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the system user. Multiplexed address inputs 
permit the TC5116100J/Z/FT to be packaged in a standard 28/24 pin plastic SOJ, 24 pin plastic ZIP and 28/24 
pin plastic TSOP. The package size provides high system bit densities and is compatible with widely available 
automated testing and insertion equipment. System oriented features include single power supply of 5V± 10% 
tolerance, direct interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES 

• 16,777,216 word by 1 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% with a built- 
in Vbb generator 

• Low Power 

495mW MAX .Operating 
(TC5116100J/Z/FT/TR-60) 

440mW MAX. Operating 
(TC5116100J/Z/FT/TR.70) 

5.5mWMAX. Standby 

• Outputs unlatched at cycle end allows two-di¬ 
mensional chip selection 

• Common I/O capability using “EARLY 

WRITE” operation _ _ 

• Read -Modify-Write, CAS before RAS refresh, 
RAS-only refresh. Hidden refresh. Fast Page 
Mode and Test Mode capability 

• All inputs and outputs TTT^ compatible 

• 4096 refresh cycles/64ms 

• Package TC5116100J : SOJ28-P-400A 

TC5116100Z : ZIP24-P-475 
TC5116100FT : TSOP28-P-400B 


KEY PARAMETERS 


ITEM 

TC5116100J/Z/FT 

Irac 

Access Time 

60ns 

70ns 

Ua 

Column Address 

Access Time 

30ns 

35ns 

tCAC 

Access Time 

15ns 

20ns 

tRC 

Cycle Time 

110ns 

130ns 

ipc 

Fast Page Mode 

Cycle Time 

40ns 

45ns 
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TC5116100J/Z/FT-60/70 


PIN NAME 



PIN CONNECTION (TOP VIEW) 


Plastic SOJ 



Plastic ZIP 



Plastic TSOP 
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TC5116100J/Z/FT-60/70 


BLOCK DIAGRAM 



ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 

Vn. 

—1-7 

V 

1 

Output Voltage 


—1-7 

V 

1 

Power Supply Voltage 

Vcc 

— 1-7 

V 

1 

Operating Temperature 


0-70 

°c 

1 

Storage Temperature 


-55-150 

°c 

1 

Soldering Temperature • Time 


260*10 

°C • sec 

1 

Power Dissipation 

Pd 

700 

mW 

1 

Short Circuit Output Current 

I 

OUT 

50 

mA 

1 


’"This parameter is periodically sampled and is not 100% tested. 
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TC5116100J/Z/FT-60/70 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0-70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP 

MAX 

LINIT 

NOTE 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

iBBi 

Input High Voltage 

2.4 

- 

Vcc+0.5 

V 

2 

1 

Input Low Voltage 

-0.5* 

- 

0.8 

V 

2 


♦-2.0V at pulse width i 20ns. 


D.C. ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = O^TO'^C) 


SYMBOL 

PARAMETER 

MIN. 

MAX 

UNIT 

NOTES 


OPERATING CURRENT 

TC5116100J/Z/FT-60 

- 

90 


3,4 

5 

*'cci 

Average Power Supply Operating Current 
(RAS, CaS, Address Cycling: tRc=tRc MIN) 

TC5116100J/Z/FT-70 

■ 

80 

mA 

I 

CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V jjj) 

■ 

2 

mA 



RAS ONLY REFRESH CURRENT 

TC5116100J/Z/FT-60 

- 

90 



I 

CC3 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=Vjjj: tRc=tRc MIN.) 

TC5116100J/Z/FT-70 

■ 

80 

mA 

3,5 


FAST PAGE MODE CURRENT 

TC5116100J/ZyFT-60 


70 


3,4 

5 

^CC4 

Average Power Supply Current, Fast Page Mode 
(RAS =ViL, CAS, Address Cycling: tpc=tpc MIN.) 

TC5116100J/Z/FT-70 

■ 

60 

mA 

I 

CCS 

STANDBY CURP.ENT 

Power Supply Standby Current 
(RAS=CAS=V cC'O- 2 V) 

■ 

1 

mA 



css BEFOREIISS REFRESH CURRENT 

TC5116100J/Z/FT-60 


90 



^CC6 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CSS, Cycling: tRc=tRC MIN.) 

TC51161(X)J/Z/FT-70 

■ 

80 

mA 

3,5 

HL) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(OV^IN<Vcc, All Other Pins Not Under Test=OV) 

-10 

10 

\lA 

■ 

W) 

OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, (OV<Vout^Vcc). 

-10 

10 

pA 



OUTPUT LEVEL 

Output “H” Level Voltage (IouT=-5niA) 

B 

B 

B 

■ 

VoL 

OUTPUT LEVEL 

Output “L” Level Voltage (IouT=4.2mA) 

B 

0.4 

B 

■ 


A-42 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 























































































TC5116100J/Z/FT-60/70 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING CONDITIONS 
(Vcc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 



j 

TC5116100J/Z/FT 

SYMBOL 

PARAMETER 


60 

-70 



MIN 

MAX. 

MIN 

MAX 

tRC 

Random Read or Write Cycle Time 

no 

- 

130 

- 

tRMW 

Read-Modify-Write Cycle 

130 

- 

155 

- 

tpc 

Fast Page Mode Cycle Time 

40 

- 

45 

- 

tpRMW 

Fast Page Mode Read-Modify-Write Cycle 
Time 

60 

" 

70 

- 

Irac 

Access Time from RAS 

■ 

60 

■ 

70 

k:AC 

Access Time from CAS 

- 

15 

- 

20 

^AA 

Access Time from Column Address 

- 

30 

- 

35 


tcpA Access Time from CAS Precharge 


k:LZ 

CAS to Output in Low-Z 

0 

- 

0 

- 

toFF 

Output Buffer Turn-off Delay 

0 

15 

0 

15 

t? 

Transition Time (Rise and Fall) 

3 

50 

3 

50 


^RP 

RAS Presharge Time 

40 

- 

50 

- 

^RAS 

KS5 Pulse Width 

60 

10,000 

70 

10,000 

tRASP 

RAS Pulse Width (Fast Page Mode) 

60 

400,000 

70 

400,000 

^RSH 

RAS Hold Time 

15 

- 

20 

- 


RAS Hold Time From CAS 
Precharge (Fast Page Mode) 



k:sH 

CAS Hold Time 

60 

- 

70 

- 

k:AS 

CAS Pulse Width 

15 

10,000 

20 

10,000 

^RCD 

RAS to CAS Delay Time 

20 

45 

20 

50 

^RAD 

RAS to Column Address Delay Time 

15 

30 

15 

35 

tcRP 

CAS to RAS Precharge Time 

5 

- 

5 



k:p 

CAS Precharge Time 

10 

^ASR 

Row Address Set-Up Time 

0 

tRAH 

Row Address Hold Time 

10 

Use 

Column Address Set-Up Time 

0 

k:AH 

Column Address Hold Time 

10 

tRAL 

Column Address To RAS Lead Time 

30 

Ucs 

Read Command Set-Up Time 

0 


UCH 

Read Command Hold Time 

0 

^RRH 

Read Command Hold Time referenced to 
RM 

0 

twCH 

Write Command Hold Time 

10 


UNIT 


ns 

ns 

ns 

ns 

ns 

ns 

ns 

- 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 


NOTES 






9,14, 

15 

9.14 

9.15 
9 

9 

10 
8 
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TC5116100J/Z/FT-60/70 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 


SYMBOL 

PARAMETER 

TC5116100J/Z/FT 

UNIT 

NOTES 

-60 

-70 

MIN 

MAX. 

MIN 

MAX 

twp 

Write Command Pulse Width 

10 

- 

15 

- 

ns 


^RWL 

Write Command to RAS Lead Time 

15 

- 

20 

- 

ns 


k:wL 

Write Command to CAS Lead Time 

15 

- 

20 

- 

ns 


^DS 

Data Set-Up Time 

0 

- 

0 

- 

ns 

12 

^DH 

Data Hold Time 

10 

- 

15 

- 

ns 

12 

tREF 

Refresh Period 

- 

64 

- 

64 

ms 


twcs 

Write Command Set-Up Time 

0 

- 

0 

- 

ns 

13 

k:wD 

CAS to WRl l E Delay Time 

15 

- 

20 

- 

ns 

13 

tRWD 

RAS to WKl'l'E Delay Time 

60 

- 

70 

- 

ns 

13 

UwD 

Column Address to WRITE Delay Time 

30 

- 

35 

- 

ns 

13 

krpwD 

CAS Precharge to WRITE Delay Time 

35 

- 

40 

- 

ns 

13 

tcSR 

CAS Set-up Time 
(CaS before RAS Cycle) 

5 

D 

5 

- 

ns 



CAS Hold Time 
(CAS before RAS Cycle) 

10 

■ 

15 

- 

ns 



RAS to CAS Precharge Time 

5 

- 

5 

- 

ns 


tcPT 

CAS Precharge Time 

(CSS before RAS Counter Test Cycle 

20 

■ 

30 

- 

ns 


^WTS 

Write Command Set-Up Time 
(Test Mode In) 

10 

a 

10 

a 

ns 


*WTH 

Write Command Hold Time 
(Test Mode In) 

10 

a 

10 

- 

ns 


^WRP 

WKllE to RAS Precharge Time 
(CAS before RAS Cycle) 

10 

a 

10 

- 

ns 

■ 

twRH 

Write to RAS Hold Time' 

(CaS before RAS Cycle 

10 

a 

10 

- 

ns 

■ 
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TC5116100J/Z/FT-60/70 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS IN THE TEST MODE 


SYMBOL 

PARAMETER 

TC5116100J/Z/FT 

UNIT 

NOTES 

-60 

-70 

MIN 

MAX. 

MIN 

MAX 

tRC 

Random Read or Write Cycle Time 

115 

- 

135 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

45 

- 

50 

- 

ns 


Irac 

Access Time from RAS 

D 

65 

- 

75 

ns 

9, 14, 

15 

k:AC 

Access Time from CAS 

- 

20 

- 

25 

ns 

9,14 

^AA 

Access Time from Column Address 

- 

35 

- 

40 

ns 

9, 15 

tcPA 

Access Time from CAS Precharge 

- 

40 

- 

45 

ns 

9 

tRAS 

RAS Pulse Width 

65 

10,000 

75 

10,000 

ns 


^RASP 

RAS Pulse Width (Fast Page Mode) 

65 

400,000 

75 

400,000 

ns 


^RSH 

RAS Hold Time 

20 

- 

25 

- 

ns 


tcSH 

CAS Hold Time 

65 

- 

75 

- 

ns 


tRHCP 

CAS Precharge to RAS Hold 

40 

- 

45 

- 

ns 


k:AS 

CAS Pulse Width 

20 

10,000 

25 

10,000 

ns 


^RAL 

Column Address to RaS Lead 

35 

- 

40 

_ 

- 

ns 



CAPACITANCE (Vcc = 5V ± 10%, f = IMHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

Qi 

Input Capacitance (A0~A10, Djjsf) 

- 

5 

pF 

^12 

Input Capacitance (RAS, CAS, VvRl lE) 

- 

7 

pF 

Co 

Output Capacitance (Dqut) 

- 

7 

pF 
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TC5116100J/Z/FT-60/70 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to 
the device. 

2. All voltages are referenced to Vss- 

3. Icci> Icc 3 . Icc 4 . Icc6 depend on cycle rate. 

k:ci> Icc 4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=Vil. In case of Icc4, it can be changed once or less 
during a fast page mode cycle (tPC). 

6. An initial pause of 200ps is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tT=5ns. 

8. VjH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between Vjh and Vjl. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) defines the time at which the output achievsd the open circuit condition and is not 
referenced to output voltage levels. 

11. Either t^cH or Irrh o^“St be satisfied for a read cycle. 

12. These parameters are referenced toCAS leading edge in early write cycles and to WRITE leading edge 
in Read-Modify-Write cycles. 

13. twcs’ ^RWO’ k:wD’ ^awd mid tcpwo me not restictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If %cs >twcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If Ir^d^Irwo (min.), 
tcwD>k:wD (min.), t^wD^lAWD (min.) and tcpwp>icpwD (min.), (Fast Page Mode), the cycle is a Read- 
Modify-Wiite cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the tRco (max.) limit insures that tj^^ can be met. t^co (max.) is specified as a 
reference point only: If Ircq is greater than the specified tR^o (max.) limit, then access time is controlled 
by tcAC- 

15. Operation within the tR^p (max.) limit insures that tR^c (max.) can be met. tR^o (max.) is specified as 
a reference point only: If tR^^^ is greater than the specified tR^o (max.) limit, then access time is 
controlled by t^A- 
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FAST PAGE MODE READ CYCLE 


tw 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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HIDDEN REFRESH CYCLE (WRITE) 
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css BEFORE R55 REFRESH COUNTER TEST CYCLE 

Uas 



: 'H* or *L' 


TneMinA AUCDir^A bi BOToriMir' /•rkUD/MJEMTc iei/' 
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WRITE, €55 BEFORE R55 REFRESH CYCLE 





-/NOIJIDA AklCDI/«A El 
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TC5116100J/Z/FT-60/70 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 



VOH— 

OouT - OPEN 

Vot- 


: -H* or 'L' 
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TEST MODE 

The TC5116100J/Z/FT is the RAM organized 16,777,216 words by 1 bits, it is internally organized 
1,048,576 words by 16 bits. In ‘Test Mode”, data are written into 16 sectors in parallel and retrieved the same 
way. Ajic Ajo^, Ajc and Aqq are not used. If any of the bits differed, the data output pin would indicate a “0”. 
Fig. 1 shows the block diagram of TC5116100J/Z/FT. In ‘Test Mode”, the 16M DRAM can be tested as if it 
were a IM DRAM. 

“WRITE, CAS Before RAS Refresh Cycle puts the device into ‘Test Mode”. And “CAS Before RAS 
Refresh Cycle” or RAS Only Refresh Cycle” puts it back into “Normal Mode”. In the Test Mode, “WRITE, 
CAS Before RAS Refresh Cycle” performs the refresh operation with internal refresh address counter. The 
“Test Mode” function reduces test times (1/16 in case of N test pattern). 

BLOCK DIAGRAM IN THE TEST MODE 
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TC514400ASJ/AZ/AFr-a)/70/80 


1,048,576 WORD X 4 BIT DYNAMIC RAM 

DESCRIPTION 

THE TC514400ASJ/AZ/AFT is the new generation dynamic RAM organized 1,048,576 word by 4 bit. 
The TC514400ASJ/AZ/AFr utilizes Toshiba’s CMOS silicon gate process technology as well as advanced 
circuit techniques to provide wide operating margins, both internally and to the system user. Multiplexed 
address inputs permit the TC514400ASJ/AZ/AFT to be packaged in a standard, 26/20 pin plastic SOJ (300), 20 
pin plastic ZIP, 26/20 pin plastic TSOP. The package size provides high system bit densities and is compatible 
with widely available automated testing and insertion equipment. System oriented features include single power 
supply of 5V+ 10% tolerance, direct interfacing capability with high performance logic families such as 
Schottky TTL. 

FEATURES 

• 1,048,576 word by 4 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V+ 10% with a built- 
in VgB generator 

• Low Power 

660mW MAX .Operating 
(TC514400ASJ/AZ/AFT-60) 

550mW MAX. Operating 
(TC514400AS J/AZ/AFT-70) 

468mW MAX. Operating 
(TC514400ASJ/AZ/AFr-80) 

5.5mW MAX. Standby 

• Outputs unlatched at cycle end allows two-di¬ 
mensional chip selec tion _ 

• Read -Modify-Write, CAS before RAS refresh, 

RAS-only refresh. Hidden refresh. Fast Page 
Mode and Test Mode capability 

• All inputs and outputs TTL compatible 

• 1024 refresh cycles/16ms 

• Package TC514400ASJ : SOJ26-P-300A 

TC514400AZ : ZIP20-P-400A 

TC514400AFT : TSOP26-P-300 


KEY PARAMETERS 



ITEM 

TC514400ASJ/AZ/AFT 


-60 

-70 

-80 

^RAC 

Access Time 

60ns 

70ns 

80ns 

^AA 

Column Address 

Access Time 

30ns 

35ns 

40ns 

k:AC 

^AS Access Time 

20ns 

20ns 

20ns 

^RC 

Cycle Time 

110ns 

130ns 

150ns 

tpc 

/ 

Fast Page Mode 

Cycle Tme 

45ns 

45ns 

50ns 
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PIN NAME 


A0~A9 

Address Inputs 

RAS 

Row Address Strobe 

UA5 

Column Address Strobe 

WRITE 

Read/Write Input 

DE 

Output Enable 

1/01-1/04 

Data Input/Output 

Vcc 

Power (+5V) 

Vss 

Ground 


PIN CONNECTION (TOP VIEW) 


Plastic SOJ 



Plastic ZIP 



Plastic TSOP (Normal Bend Type) 
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BLOCK DIAGRAM 


Vcc 


WRITE O 


ca5o- 


AOO^ 
A1 0-*» 
A2 0-»- 
A3 CH- 
A4 0*- 
ASCV^ 

A60-^- 
A7 0-»- 
A8 0^ 
A9 0-»- 


o 




in 




R^O 


1 

2 


Vss 

I 


N0.2 CLOCK 
GENERATOR 


± 


COLUMN 
ADDRESS 
BUFFERS (10) 


REFRESH 

CONTROLLER 


ROW 
ADDRESS 
BUFFERS (10) 


1/01 

O 


1/02 

O 


1/03 

O. 




N0.1 CLOCK 
GENERATOR 


REFRESH 
COUNTER (10) 


1/04 

t 


DATA IN 


DATA OUT 

BUFFERS 


BUFFERS 


-*05E 




COLUMN 

DECODER 


SENSE AMP 
I/O GATE 


1024 
X 4 


C:^ 




$ o 
o o 

a: u 


1024 


MEMORY 

ARRAY 

1024 X 1024x4 


SUBSTRATE BIAS 
GENERATOR 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 

^IN 

— 1~7 

V 

1 

Output Voltage 

VoUT 

— 1~7 

V 

1 

Power Supply Voltage 

^CC 

— 1~7 

V 

1 

Operating Temperature 

EHl 

0~70 

°c 

1 

Storage Temperature 


— 55-150 

°c 

1 

Soldering Temperature • Time 


260 • 10 

°C • sec 

1 

Power Dissipation 

Pd 

700 

mW 

1 

Short Circuit Output Current 

Iqut 

50 

mA 

1 
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TC514400ASJ/AZ/AFT-60/70/80 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP 

MAX 

UNIT 

NOTE 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

ViH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

ViL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 


D.C. ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX 

UNIT 

NOTE 

I 

CCl 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRc=tRc MIN.) 

TC514400ASJ/AZ/AFT-60 

- 

120 

mA 

3,4 

5 

TC5144(X)ASJ/AZ/AFT-70 

- 

mil 

TC514400AS J/AZ/AFT-80 

- 

85 

I 

CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V j jj) 

■ 

2 

mA 


I 

CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=Vjjj; tRC~^RC MIN.) 

TC514400ASJ/AZ/AFT-60 

- 

120 

mA 

3.5 

TC514400ASJ/AZ/AFT-70 

- 


TC5144(X)ASJ/AZ/AFT-80 

- 

85 

I 

CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS =ViL, CAS, Address Cycling: tpc=tpc MIN.) 

TC514400ASJ/AZ/AFT-60 

- 

70 

mA 

3,4 

5 

TC5144(X)ASJ/AZ/AFT-70 

- 

70 

TC514400ASJ/AZ/AFT-80 

- 

60 

I 

CCS 

STANDBY CURRENT 

Power Supply Standby Current 
(RS5=CS5=Vcc-0.2V) 

■ 

1 

mA 


I 

CC6 

CAS BEFORETIAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS, Cycling: tRc=tRC MIN.) 

TC514400ASJ/AZ/AFT-60 

- 

120 

mA 

■ 

TC514400AS J/AZ/AFT-70 

- 


TC514400ASJ/AZ/AFT-80 

- 

85 

I 

I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(OV<Vin< 6.5V, All Other Pins Not Under Test=OV) 

-10 

10 

pA 

3,5 

W) 

OUTPUT LEAKAGE CURRENT 
(Dqut disabled, (OV<VQUji£5.5V), 

-10 

10 

\iA 


VoH 

OUTPUT LEVEL 

Output “H” Level Voltage (IouT=‘5niA) 

m 


D 

■ 

VoL 

OUTPUT LEVEL 

Output “L” Level Voltage (IouT=4.2niA) 


0.4 

D 
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TC514400ASJ/AZ/AFT-60/70/80 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING CONDITIONS 
(Vcc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 


SYMBOL 

PARAMETER 

TC514400ASJ/AZ/AFT 

UNIT 

NOTES 

-60 

-70 

-80 

MIN 

MAX. 

MIN 

MAX 

MIN 

MAX 

tRC 

Random Read or Write Cycle Time 

110 

- 

130 

- 

150 

- 

ns 


^RMW 

Read-Modify-Write Cycle 

165 

- 

185 

- 

205 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

45 

- 

45 

- 

50 

- 

ns 


tpRMW 

Fast Page Mode Read-Modify-Write 
Cycle Time 

100 

■ 

100 

■ 

105 

■ 

ns 


^RAC 

Access Time from RAS 


60 

■ 

70 


80 

ns 

9,14, 

15 

k:AC 

Access Time from CAS 

- 

20 

- 

20 

- 

20 

ns 

9,14 

^AA 

Access Time from Column Address 

- 

30 

- 

35 

- 

40 

ns 

9,15 

tcPA 

Access Time from CAS Precharge 

- 

40 

- 

40 

- 

45 

- 

9 

tCLZ 

CAS to Output in Low-Z 

0 

- 

0 

- 

0 

- 

ns 

9 

k)FF 

Output Buffer Turn-off Delay 

0 

20 

0 

20 

0 

20 

ns 

10 


Transition Time (Rise and Fall) 

3 

50 

3 

50 

3 

50 

ns 

8 

tRP 

RaS Presharge Time 

40 

- 

50 

- 

60 

- 

ns 


^RAS 

RAS Pulse Width 

60 

10,000 

70 

10,000 

80 

10,000 

ns 


^RASP 

RAS Ihilse Width (Fast Page Mode) 

60 

200,000 

70 

200,000 

80 

200,000 

ns 


^RSH 

RAs Hold Time 

20 

- 

20 

- 

20 

- 

ns 


^RHCP 

RAS Hold Time From CAS 

Precharge (Fast Page Mode) 

40 

■ 

40 

■ 

45 

■ 

ns 


k:sH 

CAS Hold Time 

60 

- 

70 

- 

80 

- 

ns 


k:AS 

CSS Pulse Width 

20 

10,000 

20 

10,000 

20 

10,000 

ns 


^RCD 

RAS to CAS Delay Time 

20 

40 

20 

50 

20 

60 

ns 

14 

^RAD 

RAS to Column Address Delay Time 

15 

30 

15 

35 

15 

40 

ns 

15 

tcRP 

CAS to RAS Precharge Time 

5 

- 

5 


5 

- 

ns 


tcp 

CAS Precharge Time 

10 

- 

10 

- 

10 

- 

ns 


^ASR 

Row Address Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


tRAH 

Row Address Hold Time 

10 

- 

10 

- 

10 

- 

ns 


Use 

Column Address Set-Up Time 

0 

- 

0 

- 

0 

0 

ns 


k:AH 

Column Address Hold Time 

15 

- 

15 

- 

15 

- 

ns 


tRAL 

Column Address To RAS Lead Time 

30 

- 

35 

- 

40 


ns 


Ucs 

Read Command Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


UCH 

Read Command Hold Time 

0 

_1 

0 

■ 

0 

_1 

ns 

11 

^RRH 

Read Command Hold Time refer¬ 
enced to RAS 

0 

■ 

0 

■ 

0 

■ 

ns 

11 

twCH 

Write Command Hold Time 

10 

- 

15 

- 

15 

- 

ns 
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TC514400ASJ/AZ/AFT-60/70/80 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 
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TC514400ASJ/AZ/AFT-60/70/80 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS IN THE TEST MODE 


SYMBOL 

PARAMETER 

TC514400ASJ/AZ/AFT 

UNIT 

NOTES 

-60 

-70 

-80 

MIN 

MAX. 

MIN 

MAX 

MIN 

MAX 

tRC 

Random Read or Write Cycle Time 

115 

- 

135 

- 

155 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

50 

- 

50 

- 

55 

- 

ns 


^RAC 

Access Time from RAS 

- 

65 

- 

75 

- 

85 

ns 

9,14, 

15 

tCAC 

Access Time from CAS 

- 

25 

- 

25 

- 

25 

ns 

9,14 

^AA 

Access Time from Column Address 

- 

35 

- 

40 

- 

45 

ns 

9, 15 

tcPA 

Access Time from CAS Precharge 

- 

45 

- 

45 

- 

50 

ns 

9 

tRAS 

RAS Pulse Width 

65 

10,000 

75 

10,000 

85 

10,000 

ns 


^RASP 

RAS Pulse Width (Fast Page Mode) 

65 

200,000 

75 

200,000 

85 

200,000 

ns 


^RSH 

RAS Hold Time 

25 

- 

25 

- 

25 

- 

ns 


k:sH 

CAS Hold Time 

65 

- 

75 

- 

85 

- 

ns 


^RHCP 

CAS Precharge to RAS Hold 

45 

- 

45 

- 

50 

- 

ns 


k:AS 

CAS Pulse Width 

25 

10,000 

25 

10,000 

25 

10,000 

ns 


tRAL 

Column Address to RAS Lead 

35 

- 

40 

- 

45 

- 

ns 



CAPACITANCE (Vcc = 5V ± 10%, f = IMHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

Qi 

Input Capacitance (A0-A9) 

- 

5 

pF 

Ci2 

Input Capacitance (RAS, CAS, WRl lE, OE) 

- 

7 

pF 

Co 

Input Capacitance (1/01-1/04) 

- 

7 

pF 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to 
the device. 

2. All voltages are referenced to Vgs- 

3- Icci,Icc 3 .Icc 4 .Icc 6 depend on cycle rate. 

4. Icci, Icc 4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=Vil. In case of Icc 4 . it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 200ps is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tq^Sns. 

8. VjH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between Vjjj and Vjl. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) and toEz (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

11. Either tRCH or ^rrh must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge 
in Read-Modify-Write cycles. 

13. twcs- 1 rwd> tcwD» Iawd and tcpwo are not restictive operating parameters. They are included in the date 
sheet as electrical characteristics only. If %cs ^wcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If Ir^d^rwo (min.), 
tcwD-lcwD (min.), t^wD-lAWD (min.) and tcpwi^lcpwD (min.), (Fast Page Mode), the cycle is a Read- 
Modify-Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the t^co (max.) limit insures that tR^c can be met. tR^p (max.) is specified as a 
reference point only: If Ircd is greater than the specified tR^p (max.) limit, then access time is controlled 
by tcAC- 

15. Operation within the tR^p (max.) limit insures that tR^c (max.) can be met. tR^u (max.) is specified as 
a reference point only: If tR^o is greater than the specified tR^ (max.) limit, then access time is 
controlled by t^A. 


A-66 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 




TC514400ASJ/AZ/AFT-60/70/80 












TC514400ASJ/AZ/AFT-60/70/80 


WRITE CYCLE (DE CONTROLLED WRITE) 



READ-MODIFY-WRITE CYCLE 
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FAST PAGE MODE READ CYCLE 



Not*: 0|M « OPEN ; "H* or “L' 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 



Note; Dour = OPEN 1^:1 : "H" or "L" 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 



[il 
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HIDDEN REFRESH CYCLE (READ) 



Note: D:n » OPEN : "H" or ”L' 


HIDDEN REFRESH CYCLE (WRITE) 
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WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 



: "H" or "L” 


Note: Oqut = OPEN 
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FAST PAGE MODE READ CYCLE IN THE TEST MODE 



Note: OT s "L” Din = OPEN 


"H" or ”L’ 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 



Note: OouT = OPEN 


H" or "L" 
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TEST MODE 

The TC514400/ASJ/AZ/AFT is the RAM organized 1,048,576 words by 4 bits, it is internally organized 
524,288 words by 8 bits. In ‘Test Mode”, data are written into 8 sectors in parallel and retrieved the same way. 
AOc is not used. If, upon reading, two bits on one I/O pin are equal (all “r’s or “0”s), the I/O pin indicates a “1”. 

If they were not equal the I/O pin would indicate a “0”. Fig. 1 shows the block diagram of TC5144(X)/ASJ/ 
AZ/AFT. In “Test Mode”, the 1MX4 DRAM can be tested as if it were a 512KX4 DRAM. 

“WRITE, CAS Before RAS Refresh Cycle puts the device into ‘Test Mode”. And “CAS Before RAS 
Refresh Cycle” or RAS Only Refresh Cycle” puts it back into “Normal Mode”. In the Test Mode, “WRITE, 
CAS Before RAS Refresh Cycle” performs the refresh operation with internal refresh address counter. The 
“Test Mode” function reduces test times (1/2 in case of N test pattern). 

BLOCK DIAGRAM IN THE TEST MODE 


AqC Vcc 



Aqc Vcc 



AoC Vcc 



Aqc 

AoC Vcc 



Figure 1 
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TC5144()0AWAFIL/ATRL€0/70/80 

1,048,576 WORD X 4 BIT DYNAMIC RAM 

DESCRIPTION 

The TC514400ASJL7AFrL/ATRL is the new generation dynamic RAM organized 1,048,576 word by 4 
bit. The TC514400ASJL/AFTL/ATRL utilizes Toshiba’s CMOS silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the system user. 

Multiplexed address inputs permit the TC514400ASJL/AFTL/ATRL to be packaged in a standard 26/20 pin 
plastic SOJ (300), 26/20 pin plastic TSOP. The package size provides high system bit densities and is compatible 
with widely available automated testing and insertion equipment. System oriented features include single power 
supply of 5V± 10% tolerance, direct interfacing capability with high performance logic families such as 
Schottky TTL. 


FEATURES 


KEY PARAMETERS 


• 1,048,576 word by 4 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V+ 10% with a built- 
in Vbb generator 

• Low Power 

660mW MAX .Operating 
(TC514400ASJL/AFTL/ATRL-60) 

550mW MAX. Operating 
(TC514400ASJL/AFTL/ATRL-70) 

468mW MAX. Operating 
(TC514400ASJL/AFTL/ATRL-80) 
l.lmW MAX. Standby 

• Outputs unlatched at cycle end allows two-di¬ 
mensional chip selec tion _ 

• Read -Modify-Write, CAS before RAS refresh, 
RAS-only refresh. Hidden refresh. Fast Page 
Mode and Test Mode capability 

• All inputs and outputs T^ compatible 

• 1024 refresh cycles/128ms 

• Package TC514400ASJL : SOJ26-P-300A 

TC514400AFTL: TSOP26-P-300 
TC514400ATRL: TSOP26-P-300A 
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PIN NAME 


A0~A9 

Address Inputs 


Row Address Strobe 

CTfS 

Column Address Strobe 

WRITE 

Read/Write Input 

OE 

Output Enable 

1/01-1/04 

Data Input/Output 

^cc 

Power (+5V) 

Vss 

Ground 


PIN CONNECTION (TOP VIEW) 


Plastic SOJ 


Plastic TSOP (Normal Bend Type) Plastic TSOP (Reverse Bend Type) 


I/OIC 1 
1/02 C 2 
WRITE[ 3 
mi A 
A9Q5 



1/01 C 
1/02 C 
write [ 

RAS[ 

A9[ 

AOC 

AlC 

A2C 

A3C 

VccC 


Ol 

2 

3 

4 

5 


26 pVss 
25 p 1/04 
24 p 1/03 
23 

22 pUI 


9 18 

10 17 

11 16 

12 15 

13 14 


3A8 
3A7 
3A6 
3 AS 
3 A4 


Vss> 


26 

1® 

31/01 

25 

2 

31/02 

24 

3 

]WltlTE 

23 

4 

]Ra5 

22 

5 

]A9 

18 

9 

3 AO 

17 

10 

]A1 

16 

11 

3A2 

15 

12 

3 A3 

14 

13 

3vcc 


A.ftn 
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BLOCK DIAGRAM 



NO.2 CLOCK 
GENERATOR 


COLUMN 

ADDRESS 

BUFFERS(IO) 


REFRESH 

CONTROLLER 


REFRESH 

COUNTER(IO) 


ROW 
ADDRESS 
BUFFERS (10) 



DATA IN 
BUFFERS 


DATA OUT OE 
BUFFERS 




SENSE AMP 
I/O GATE 



NO.l CLOCK 
GENERATOR 


ABSOLUTE MAXIMUM RATINGS 


SUBSTRATE BIAS 
GENERATOR 


ITEM 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 

ViN 

—1~7 

V 

1 

Output Voltage 

^OUT 

— 1~7 

V 

1 

Power Supply Voltage 

^CC 

— 1~7 

V 

1 

Operating Temperature 


0~70 

°C 

1 

Storage Temperature 

Tstg 

— 55-150 

°C 

1 

Soldering Temperature • Time 


260 • 10 

°C • sec 

1 

Power Dissipation 

Pd 

700 

mW 

1 

Short Circuit Output Current 

I 

OUT 

50 

mA 

1 
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RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 



PARAMETER 


Supply Voltage 


Input High Voltage 


Input Low Voltage 



D.C. ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°C) 


SYMBOL 



PARAMETER 


MIN. MAX UNIT NOTE 


TC514400ASJL/AFrL/ATRL-60 


TC514400ASJL/AFrL/ATRL-70 


TC514400ASJL/AFTL/ATRL-80 


TC514400ASJL/AFTL/ATRL-60 


TC514400ASJL/AFrL/ATRL-70 


TC514400ASJL/AFTL/ATRL-80 


TC514400ASJL/AFrL/ATRL-60 


TC514400ASJL/AFTL/ATRL-70 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, CAS, Address Cycling; tRc=tRc MIN.) 


STANDBY CURRENT 
Power Supply Standby Current 
(RAS=CAS=V jjj) 


RSS ONLY REFRESH CURRENT Average 
Power Supply Current, 5755 Only Mode 
(RAS Cycling, CAS=Vjj{: tRc=tRc MIN.) 


FAST PAGE MODE CURRENT 
Average Power Supply Current, Fast Page Mode 

(RAS =Vil,CA 5, Address Cycling:tpc=tpc MIN.) | tC514400AS JL/AFTL/ATRL-80 


STANDBY CURRENT 
Power Supply Standby Current 
(RA5=C7C5=Vcc-0.2V) 


CAS BEFORETfAS REFRESH CURRENT TC514400ASJL/AFTL/ATRL-60 

Average Power Supply Current, CAS Before RAS TC514400ASJL/AFTL/ATRL-70 
Mode (HAS, CAS, Cycling: tRc=tRc MIN.) TC514400ASJL/AFTL/ATRL-80 


Battery Back Up Current 

Average Power Suuply Current, Battery Back Up Mode 
(CAS=cAS Before RAS Cycling or 0.2V, DE=Vcc-0.02V, WRTTE= 
Vcc-0.2V,A0~9=Vcc-0.2V or 0.2V, I/Ol~4=Vcc-0.2V, 

0.2V or OPEN;tRc=125ps, tRAs=tRAs ~lps) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V<Vin< 6.5V, All Other Pins Not Under Test=0V) 


OUTPUT LEAKAGE CURRENT 
(Dqut is disabled,0 <Vout^5.5V) 


OUTPUT LEAKAGE CURRENT 
Output “H” Level Voltage (IouT=-5mA) 


OUTPUT LEAKAGE CURRENT 
Output “L” Level Voltage (IOUT=4.2mA) 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (Vcc = 5V ± 10%, Ta = 0~70°C)(Notes 7,8,9) 




TC514400ASJL/AFTL/ATRL 



SYMBOL 

PARAMETER 


60 


-70 

-1 

80 

UNIT 

NOTES 



MIN 

MAX. 

MIN 

MAX 

MIN 

MAX 



tRC 

Random Read or Write Cycle Time 

110 

- 

130 

- 

150 

- 

ns 



Read-Modify-Write Cycle 


Fast Page Mode Cycle Time 


Fast Page Mode Read-Modify-Write 
Cycle Time 


Access Time from Ras 


Access Time from Cas 


Access Time from Column Address 


Access Time from Cas Precharge 


Cas to Output in Low-Z 


Output Buffer Turn-off Delay 


Transition Time (Rise and Fall) 


RSSPreshargeTime 


ESS Pulse Width 


RAS Pulse Width (Fast Page Mode) 


Ras Hold Time 


kAs Hold Time From Cas 
P recharge (Fast Page Mode) 


Cas Hold Time 


Cas Pulse Width 


RAS to Cas Delay Time 


RAS to Column Address Delay Time 


Cas to RAS Precharge Time 


CAS Precharge Time 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Column Address To RAS Lead Time 


Read Command Set-Up Time 



60 10,000 70 10,000 


60 200,000 70 200,000 


80 10,000 


80 200,000 



Irch 

Read Command Hold Time 

0 

_ 

0 

- 

0 

- 

ns 

12 

^RRH 

Read Command Hold Time refer¬ 
enced to RAS 

0 

■ 

0 

■ 

0 

■ 

ns 

12 

twCH 

Write Command Hold Time 

10 

- 

15 

- 

15 

- 

ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 
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TC514400ASJL/AFTL/ATRI^60/70/80 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS IN THE TEST MODE 


SYMBOL 

PARAMETER 

TC514400ASJL/AFTL/ATRL 

UNIT 

NOTES 

-60 

-70 

-80 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

^RC 

Random Read or Write Cycle Time 

115 

- 

135 

- 

155 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

50 

- 

50 

- 

55 

- 

ns 


tRAC 

Access Hme from RAS 


65 

■ 

75 

■ 

85 

ns 

10,15, 

16 

k:AC 

Access Time from CAS 

- 

25 

- 

25 

- 

25 

ns 

10,15 

^AA 

Access Time from Column Address 

- 

35 

- 

40 

- 

45 

ns 

10,16 

tcPA 

Access Time from CAS Precharge 

- 

45 

- 

45 

- 

50 

ns 

10 

^RAS 

RAS Pulse Width 

65 

10,000 

75 

10,000 

85 

10,000 

ns 


tRASP 

RaS Pulse Width (Fast Page Mode) 

65 

200,000 

75 

200,000 

85 

200,000 

ns 


^RSH 

Ras Hold Time 

25 

- 

25 

- 

25 

- 

ns 


k:sH 

CAS Hold Time 

65 

- 

75 

- 

85 

- 

ns 


tRHCP 

CAS Precharge to RAS Hold 

45 

- 

45 

- 

50 

- 

ns 


tcAS 

Cas Pulse Width 

25 

10,000 

25 

10,000 

25 

10,000 

ns 


tRAL 

Column Address to RAS Lead 

35 

- 

40 

- 

45 

- 

ns 



CAPACITANCE (Vcc = 5V ± 10%, f = IMHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

Qi 

Input CapaciUuice (A0~A9) 

- 

5 

pF 

Ci2 

Input Capacitance (RAS, CAS, WRl lE, OE) 

- 

7 

pF 

Co 

Input Capacitance (1/01-1/04) 

- 

7 

pF 
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TC514400ASJL/AFTL/ATRLr60/70/80 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings’’ may cause permanent damage to 
the device. 

2. All voltages are referenced to Ysg. 

3. Icci* Icc 3 . k:c 4 . k:c6 depend on cycle rate. 

4. depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=Vil. In case of it can be changed once or less 
during a fast page mode cycle (tpc). 

t^As (niax.)=lp.s is only applied to refresh of battery-back up. tj^g (max.)=10ps is applied to functional 
operating. 

7. An initial pause of 200ps is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 cAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

8 . AC measurements assume t-j=Sns. 

9. VjH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between V^j and Vjl* 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

11 . toFF (ittax.) and toez (niax.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

12. Either or tp^H must be satisfied for a read cycle. 

13. These parameters are referenced toCAS leading edge in early write cycles and to WRITE leading edge 
in Read-Modify-Write cycles. 

14. twcs> 1 rwd> 1cwd> Iawd 3 nd tcpwo restictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If t^^s >lwcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If t^wD^lRWO (min.), 
tcwD^lcwD (min.), tAWD>fAWD (min.) and tcpwD>k:PWD (min.), (Fast Page Mode), the cycle is a Read- 
Modify-Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

15. Operation within the t^co (max.) limit insures that tR^c 1*® met. tRcs (max.) is specified as a 
reference point only: If tRcp is greater than the specified tRco (max.) limit, then access time is controlled 

IcAC- 

16. Operation within the tR^o (max.) limit insures that tR^c (max.) can be met. tR^ (max.) is specified as 
a reference point only: If Irad is greater than the specified tR^o (max.) limit, then access time is 
controlled by t^A- 
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WRITE CYCLE (EARLY WRITE) 
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FAST PAGE MODE READ CYCLE 



Note: D;n = OPEN |,^ : "H' or "L" 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 



Note: Dour = OPEN 


or "L‘ 
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css BEFORE RSS REFRESH COUNTER TEST CYCLE 




















TC514400ASJL/AFTL/ATRL^/70/80 


WRITE, CSS BEFORE RSS REFRESH CYCLE 



Note; Dim. SI, A0~-A9 = "H“ or "L' : "H' or "L' 


READ CYCLE IN THE TEST MODE 
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WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 



1^; "H' or 

Note: OofjT * OPEN 


FAST PAGE MODE READ CYCLE IN THE TEST MODE 
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TEST MODE 

The TC514400ASJL/AFTL/ATRL is the RAM organized 1,048,576 words by 4 bits, it is internally 
organized 524,288 words by 8 bits. In “Test Mode”, data are written into 8 sectors in parallel and retrieved the 
same way. AOc is not used. If, upon reading, two bits on one I/O pin are equal (all “T’s or “0”s), the I/O pin 
indicates a “1”. 

If they were not equal the I/O pin would indicate a “0”. Fig. 1 shows the block diagram of TC5144(X)ASJL/ 
AFTiyATRL. In ‘Test Mode”, the 1M54 DRAM can be tested as if it were a 512K54 DRAM. 

“WRITE, CAS Before RAS Refresh Cycle” puts the device into “Test Mode”. And “CAS Before RAS 
Refresh Cycle” or RAS Only Refresh Cycle” puts it back into “Normal Mode”. In the Test Mode, “WRITE, 
CaS Before RAS Refresh Cycle” performs the refresh operation with internal refresh address counter. The 
‘Test Mode” function reduces test times (1/2 in case of N test pattern). 

BLOCK DIAGRAM IN THE TEST MODE 


Aoc Vcc 



Aoc Vcc 



Aoc Vcc 



Aoc Vcc 



Figure 1 
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TC51V440QASJiyAFIL«0 

1,048,576 WORD X 4 BIT DYNAMIC RAM 

DESCRIPTION 

The TC51V4400ASJL/AFTL is the new generation dynamic RAM organized 1,048,576 word by 4 bit. 

The TC51V4400ASJL/AFTL utilizes Toshiba’s CMOS silicon gate process technology as well as advanced 
circuit techniques to provide wide operating margins, both internally and to the system user. Multiplexed 
address inputs permit the TC51V4400ASJL/AFTL to be packaged in a standard 26/20 pin plastic SOJ (300), 

26/20 pin plastic TSOP. The package size provides high system bit densities and is compatible with widely 
available automated testing and insertion equipment. System oriented features include single power supply of 
3.3V±0.3V tolerance, direct interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES 

• 1,048,576 word by 4 bit organization 

• Fast access time and cycle time 

• Single power supply of 3.3V+0.3V with a built- 
in Vbb generator 

• Lx)w Power 

216mW MAX .Operating 
0.54mW MAX. Standby 

• Outputs unlatched at cycle end allows two-di¬ 
mensional chip selec tion _ 

• Read -Modify-Write, CAS before RAS refresh, 
RAS-only refresh. Hidden refresh. Fast Page 
Mode and Test Mode capability 

• All inputs and outputs TTT. compatible 

• 1024 refresh cycles/128ms 

• Package TC51V4400ASJL : SOJ26-P-300A 

TC51V4400AFTL : TSOP26-P-300 


KEY PARAMETERS 


ITEM 

TC51V4400ASJL/AFTL 

Irac 

Access Time 

80ns 

Iaa 

Column Address 

Access Hme 

40ns 

ICAC 

Access Time 

20ns 

Irc 

Cycle Tune 

150ns 

tpc 

Fast Page Mode 

Cycle Tme 

50ns 
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TC51V4400ASJL/AFTI^80 


PIN NAME 


A0~A9 

Address Inputs 

RS5 

Row Address Strobe 

CSS 

Column Address Strobe 

WRITE 

Read/Write Input 

OE 

Output Enable 

1/01-1/04 

Data Input/Output 

Vcc 

Power (+3.3V) 

Vss 

Ground 


PIN CONNECTION (TOP VIEW) 


Plastic SOJ Plastic TSOP (Normal Bend Type) 
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BLOCK DIAGRAM 

1/01 1/02 1/03 1/04 



ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 

ViN 

— O.S'^V 

V 

1 

Output Voltage 

Vqut 

—0.5~Vcc+0.5 

V 

1 

Power Supply Voltage 

Vcc 

— 0.5~4.6 

V 

1 

Operating Temperature 

Tqpr 

0~70 

°c 

1 

Storage Temperature 

Tstg 

— 55-150 

°c 

1 

Soldering Temperature • Time 

^SOLDER 

260*10 

°C • sec 

1 

Power Dissipation 

Pd 

700 

mW 

1 

Short Circuit Output Current 

Iqut 

50 

mA 

1 
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RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 

SYMBOL PARAMETER ”"| TYP MAX UNIT NOTE 

Supply Voltage ^ 3!o 33 3^6 V 2 

Vju Input High Voltage 2.2 - Vcc+03 V 2 

VjL Input LowVoltage -0.3 - 0.6 V 2 


D.C. ELECTRICAL CHARACTERISTICS (Vcc = 3.3V ± 0.3V, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX 

UNIT 

NOTES 

I 

CCl 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRc=tRC MIN) 

TC51V4400ASJL/AFrL-80 


60 

mA 

3,4 

5 

^CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V m) 


1 

mA 


I 

CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=Vju; tRc^tRc MIN.) 

TC51V4400ASJUAFTL-80 


60 

mA 

3.5 

^CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS =ViL, CAS, Address Cycling: tpc=tpc MIN.) 

TC51V4400ASJL/AFTL-80 


40 

mA 

3,4 

5 

^CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V(;;c-0.2V) 


250 

pA 


I 

CC6 

CSS BEFOREIISS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS, Cycling: tRc=tRc MIN.) 

TC51V4400AS JL/AFTL-80 


60 

mA 

3,5 

k:c7 

BATTERY BACK UP CURRENT 

Average Power Suuply Current, Battery Back Up Mode 
(CAS=CAS Before rAS Cycling or 0.2V, OE=Vcc-0.2V, WKllE 
=Vcc-0.2V, A0~9=Vcc-0.2V or 0.2V, I/O~4=Vcc-0.2V, 0.2V or 

OPEN: tRc=125ns, tRAs“*RAS MIN. ~lps) 


300 

pA 

6 

I 

I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(OV^mj^.SV, All Other Pins Not Under Test=OV) 

-10 

10 

pA 

B 

0(L) 

OUTPUT LEAKAGE CURRENT 
(Dour is disabled, (OV^oUT^-5V), 

-10 

10 

pA 


VOH 

OUTPUT LEVEL 

Output “H” Level Voltage (louT=-5tnA) 

2.4 

- 

B 


HQUII 

OUTPUT LEVEL 

Output “L” Level Voltage (louT=4.2niA) 

■ 

0.4 

B 
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TC51V4400ASJL/AFTLr80 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING CONDITIONS 
(Vcc = 3.3V ± 0.3V, Ta = 0~70°C)(Notes 6,7,8) 


SYMBOL 

PARAMETER 

TC51V4400ASJL 

/AFTL 

UNIT 

NOTES 

-80 

MIN 

MAX 

^RC 

Random Read or Write Cycle Time 

150 

- 

ns 


tRMW 

Read-Modify-Write Cycle 

205 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

50 

- 

ns 


tpRMW 

Fast Page Mode Read-Modify-Write Cycle Time 

105 

- 

ns 


^RAC 

Access Time from RAS 

- 

80 

ns 

10,15,16 

tcAC 

Access Time from CAS 

- 

20 

ns 

10,15 

^AA 

Access Time from Column Address 

- 

40 

ns 

10,16 

krA 

Access Time from CAS Precharge 

- 

45 

- 

10 

kxz 

CAS to Output in Low-Z 

0 

- 

ns 

10 

k)FF 

Output Buffer Turn-off Delay 

0 

20 

ns 

11 

tr 

Transition Time (Rise and Fall) 

3 

50 

ns 


^RP 

RAS Presharge Time 

60 

- 

ns 


^RAS 

RS5 Pulse Width 

80 

10,000 

ns 


^RASP 

RAS Pulse Width (Fast Page Mode) 

80 

200,000 

ns 


^RSH 

RAS Hold Time 

20 

- 

ns 


^RHCP 

RAS Hold Time From CAS 

Precharge (Fast Page Mode) 

45 


ns 


k:sH 

CAS Hold Time 

80 

- 

ns 


kAS 

CAS Pulse Width 

20 

10,000 

ns 


kcD 

RAS to CAS Delay Time 

20 

60 

ns 

15 

tRAD 

RAS to Column Address Delay Time 

15 

40 

ns 

16 

kRP 

CAS to RAS Precharge Time 

5 

- 

ns 


kp 

CAS Precharge Time 

10 

- 

ns 


UsR 

Row Address Set-Up Time 

0 

- 

ns 


^RAH 

Row Address Hold Time 

10 

- 

ns 


^ASC 

Column Address Set-Up Time 

0 

0 

ns 


kAH 

Column Address Hold Time 

15 

- 

ns 


^RAL 

Column Address To Ras Lead Time 

40 


ns 


kcs 

Read Command Set-Up Time 

0 

- 

ns 


kcH 

Read Command Hold Time 

0 

- 

ns 

12 

tRRH 

Read Command Hold Time referenced to RAS 

0 

- 

ns 

12 

twCH 

Write Command Hold Time 

15 

- 

ns 
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TC51V4400ASJL/AFTL-80 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 


TC514400ASJL/ 

AFTL 


SYMBOL 

PARAMETER 


Write Command Pulse l^dth 

^RWL 

Write Command to RAS Lead Time 

k:wL 

Write Command to CAS Lead Time 

^DS 

Data Set-Up Time 

^DH 

Data Hold Time 

tREF 

Refresh Period 

Vcs 

Write Command Set-Up Time 

tcWD 

CAS to WKl l't Delay Time 

tRWD 

RAS to WRi i'E Delay Time 

^AWD 

Column Address to WKl l ti Delay Time 

k:PWD 

CAS Precharge to WRITE Delay Time 

k:sR 

CAS Set-up Time 
(CAs before RAS Cycle) 

k:HR 

CAS Hold Time 
(CAS before RAS Cycle) 

^RPC 

RAS to CAS Precharge Time 

tcPT 

CAS Precharge Time 

(CAS before RAS Counter Test Cycle 

^ROH 

RAS Hold Time referenced to DE 

k)EA 

DE Access Time 

k)ED 

DE to Data Delay 

k>EZ 

Output buffer turn off Delay Time 
fromDE 

k)EH 

DE Command Hold Time 

k)DS 

Output Disable Set-Up Time 

^WTS 

Write Command Set-Up Time 
(Test Mode In) 

twTH 

Write Command Hold Time 
(Test Mode In) 

twRP 

WRl'fE to RAS Precharge Time 
(CAS before RAS Cycle) 

^WRH 

Write to RAS Hold Time’ 

(CAS before RAS Cycle 
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TC51V4400ASJL/AFT^80 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS IN THE TEST MODE 


SYMBOL 

PARAMETER 

TC514400ASJL/ 

AZ/AFT 

UNIT 

NOTES 

-80 

MIN 

MAX 

tRC 

Random Read or Write Cycle Time 

155 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

55 

- 

ns 


tRAC 

Access Time from RAS 

- 

85 

ns 

10,15,16 

k:AC 

Access Time from Cas 

- 

25 

ns 

10,15 

^AA 

Access Time from Column Address 

- 

45 

ns 

10,15 

tcPA 

Access Time from CAS Precharge 

- 

50 

ns 

10 

tRAS 

RAS Pulse Width 

85 

10,000 

ns 


‘rasp 

RAS Pulse Width (Fast Page Mode) 

85 

200,000 

ns 


tRSH 

RAS Hold Time 

25 

- 

ns 


k:sH 

CAS Hold Time 

85 

- 

ns 


^RHCP 

CAS Precharge to RAS Hold 

50 

- 

ns 


k:AS 

CAS Pulse Width 

25 

10,000 

ns 


tRAL 

Column Address to RAS Lead 

45 

- 

ns 



CAPACITANCE (Vcc = 3.3V ±0.3V, f = IMHz, Ta = 0~70‘’C) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

Qi 

Input Capacitance (A0~A9) 

- 

5 

pF 

Ci2 

Input Capacitance (RAS, CAS, WKl lE, OE) 

- 

7 

pF 

Co 

Input/Output Capacitance (1/01-1/04) 

- 

7 

pF 
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TC51V4400ASJL/AFTb80 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to 
the device. 

2. All voltages are referenced to Vss. 

3. Icci, Icc 3 > Icc 4 . Icc6 depend on cycle rate. 

Icci> Icx :4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=Vjl. In case of Icc 4 > it can be changed once or less 
during a fast page mode cycle (tp^). 

6. t^y^s (niax.)=lps is only applied to refersh of battery-back up. is applied to functional 

operating. 

7. An initial pause of 2ms is required after power-up followed by 8 KAS only refresh cycles before proper 
device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before RAS 
refresh cycles instead of 8 RAS only refresh cycles are required. 

8. AC measurements assume t-j^Sns. 

9. Vq] (min.) and (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between Vm and Vj^. 

10. Measured with a load equivalent to lOOpF and at VoH=2.0V(IouT=-2tnA), Vol= 0.8V (IouT>=2mA). 

11. toFF (max.) and Iq^ (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

12. Either t]^cH ^rrh must be satisfied for a read cycle. 

13. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge 
in Read-Modify-Write cycles. 

14. twcs> 1 rwd» kwD> UwD snd tcpwo ^re not restictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If t^cs >twcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If t|i^yi)>tKWD (min.), 
*cwD>k:wD (min.), t^wD^tAWD (min.) and tcpwp>tcpwD (min.), (Fast Page Mode), the cycle is a Read- 
Modify-Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

15. Operation within the t^co (max.) limit insures that tj^^ can be met. tp^D (max.) is specified as a 
reference point only: If t^cD greater than the specified t^Qp (max.) limit, then access time is controlled 

k:AC- 

16. Operation within the t^Ai} (max.) limit insures that t^Ac (max.) can be met. t^Ao (max.) is specified as 
a reference point only: If t^Ao greater than the specified tj^Ao (max.) limit, then access time is 
controlled by Iaa- 
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TC51V4400ASJL/AFTLr80 



WRITE CYCLE (EARLY WRITE) 











TC51V4400ASJL/AFTL^0 


WRITE CYCLE (OE CONTROLLED WRITE) 



Not«: Dour * OPEN : 'H* or 'L' 


READ-MODIFY-WRITE CYCLE 
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TC51V4400ASJL/AFTIr80 


FAST PAGE MODE READ CYCLE 


Ra5 


IS5 


A0~A9 


WRiTf 




1/01 

~l/04 


Not«: 0|N = OPEN : "H' or ”L' 



FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 



rneuiBA AUCDir a bi B(rrDrMjir> nnuortuBUTe imo 


A •inQ 




TC51V4400ASJL/AFrL«0 


FAST PAGE MODE READ-MODIFY-WRITE CYCLE 



A.iin 
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TC51V4400ASJL/AFTb80 
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TC51V4400ASJL/AFTL80 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 
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TC51V4400ASJL/AFTL«0 


TEST MODE 

The TC51V4400/ASJL/AFTL is the RAM organized 1,048,576 words by 4 bits, it is internally organized 
524,288 words by 8 bits. In ‘Test Mode”, data are written into 8 sectors in parallel and retrieved the same way. 
AOc is not used. If, upon reading, two bits on one I/O pin are equal (all “r’s or “0”s), the I/O pin indicates a “1”. 

If they were not equal, the I/O pin would indicate a “0”. Fig. 1 shows the block diagram of TC51V4400/ 
ASJL/AFTL. In ‘Test Mode”, the 1MX4 DRAM can be tested as if it were a 512KX4 DRAM. 

“WRITC, CAS Before RAS Refresh Cycle” puts the device into ‘Test Mode”. And ‘‘CAS Before RAS 
Refresh Cycle” or Ras Only Refresh Cycle” puts it back into ‘‘Normal Mode”. In the Test Mode, “WRITE, 
Cas Before RAS Refresh Cycle” performs the refresh operation with internal refresh address counter. The 
‘Test Mode” function reduces test times (1/2 in case of N test pattern). 

BLOCK DIAGRAM IN THE TEST MODE 


AoC Vcc 



Hgure 1 
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OSHIBA 


TC514410ASJ-60/70/80 


1,048,576 WORD X 4 BIT DYNAMIC RAM 

DESCRIPTION 

The TC514410ASJ is the new generation dynamic RAM organized 1,048,576 word by 4 bit. The 
TC514410ASJ utilizes Toshiba’s CMOS silicon gate process technology as well as advanced circuit techniques 
to provide wide operating margins, both internally and to the system user. Multiplexed address inputs permit the 
TC514410ASJ to be packaged in a standard, 26/20 pin plastic SOJ (300mil). The package size provides high 
system bit densities and is compatible with widely available automated testing and insertion equipment. System 
oriented features include single power supply of 5V± 10% tolerance, direct interfacing capability with high 
performance logic families such as Schottky TTL. 


FEATURES 

• 1,048,576 word by 4 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% with a built- 
in Vbb generator 

• Low Power 

660mW MAX .Operating 
(TC51440ASJ-60) 

550mW MAX. Operating 
(TC51440ASJ-70) 

468mW MAX. Operating 
(TC51440ASJ-80) 

5.5mW MAX. Standby 

• Outputs unlatched at cycle end allows two-di¬ 
mensional chip selec tion _ 

• Read -Modify-Write, Cas before RAS refresh, 
RAS-only refresh. Hidden refresh. Fast Page 
Mode and Test Mode capability 

• All inputs and outputs TTL compatible 

• 1024 refresh cycles/16ms 

• Package TC514410ASJ : SOJ26-P-300A 


KEY PARAMETERS 



ITEM 

TC514410ASJ 


-60 

-70 

-80 

^RAC 

Access Time 

60ns 

70ns 

80ns 

^AA 

Column Address 

Access Time 

30ns 

35ns 

40ns 

tCAC 

Access Time 

20ns 

20ns 

20ns 

Irc 

Cycle Time 

110ns 

130ns 

150ns 

tpc 

Fast Page Mode 

Cycle Time 

45ns 

45ns 

50ns 
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TC514410ASJ-60/70/80 


PIN NAME 


A0~A9 

Address Inputs 


Row Address Strobe 

CSS 

Column Address Strobe 

WB/WE 

Write Per Bit/Read/Write 

Input 

DE 

Output Enable 

Wl/I01~ 

Write Select/Data 

W4/I04 

Input/Output 

Vcc 

Power (+5V) 

Vss 

Ground 


PIN CONNECTION (TOP VIEW) 


Plastic SOJ 


W1/I01 

W2I/02 


mm 

K73 


A9 

AO 

A1 

A2 

A3 

vcc 


1 

"Trrv 

26 

2 

25 

3 

24 

4 

23 

5 

22 

9 

18 

10 

17 

11 

16 

12 

15 

13 

14 

k 

_/ 


w2/104 

W3/i03 

ZXS 

m 


A8 

A7 

A6 

AS 

A4 
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BLOCK DIAGRAM 



ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 

ViN 

—1~7 

V 

1 

Output Voltage 


—1~7 

V 

1 

Power Supply Voltage 

Vcc 

-1-7 

V 

1 

Operating Temperature 

mm 

0~70 

°c 

1 

Storage Temperature 


-55-150 

°c 

1 

Soldering Temperature • Time 


260*10 

°C • sec 

1 

Power Dissipation 

Pd 

700 

mW 

1 

Short Circuit Output Current 

*OUT 

50 

mA 

1 
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TC514410ASJ-60/70/80 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP 

MAX 

UNIT 

NOTE 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

ViH 

Input HighVoltage 

2.4 

- 

6.5 

V 

2 

Vn. 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 


D.C. ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

QiSI 

MAX 

UNIT 

NOTES 

I 

CCl 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling; tRc=tRc MIN.) 

TC5144100ASJ-60 

- 


mA 

3,4 

5 

TC5144100ASJ-70 

- 


TC5144100ASJ-80 

- 

85 

^CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V jjj) 

■ 

2 

mA 


^CC3 

ESS ONLY REFRESH CURRENT 

Average Power Supply Current, ESS Only Mode 
(RAS Cycling, CAS=Vjjj: tRc;=tRc MIN.) 

TC5144100ASJ-60 

- 

■F7M 

mA 

3,5 

TC5144100ASJ-70 

- 

103 

TC5144100ASJ-80 

- 

85 

I 

CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS =ViL, CAS, Address Cycling: tpc=tpc MIN.) 

TC5144100ASJ-60 

- 

70 

mA 

3,4 

5 

TC5144100ASJ-70 

- 

70 

o 

00 

I 

1 

- 

60 

I 

CCS 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=Vq(^-0.2V) 

■ 

1 

mA 


^CC6 

CSS BEFORETISS REFRESH CURRENT 

Average Power Supply Current, CSS Before RAS 
Mode (RAS, CAS, Cycling: tRc=tRc MIN.) 

TC5144100ASJ-60 

- 


mA 

3,5 

TC5144100ASJ-70 

- 

BOH 

TC51441(X)ASJ-80 

- 

85 

HD 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0V^IN^6.5V, All Other Pins Not Under Test=OV) 

-10 

10 

pA 


0(D 

OUTPUT LEAKAGE CURRENT 
(Dour is disabled, (OV<Vout^.5V), 

-10 

10 

pA 


VOH 

OUTPUT LEVEL 

Output “H” Level Voltage (louT=‘5inA) 

2.4 

■ 

B 



OUTPUT LEVEL 

Output “L” Level Voltage (louT=4.2mA) 


0.4 

B 
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TC514410ASJ-60/70/80 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING CONDITIONS 
(Vcc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 



TC5144100ASJ 


CHARACTERISTIC 


Random Read or Write Cycle Time 


Read-Modify-Write Cycle 


Fast Page Mode Cycle Time 


Fast Page Mode Read-Modify-Write 
Cycle Time 


Access Time from RAS 


Access Time from CAS 


Access Time from Column Address 


Access Time from CAS Precharge 


CAS to Output in Low-Z 


Output Buffer Turn-off Delay 


Transition Time (Rise and Fall) 


RAS Precharge Time 


RAS Pulse Width 


RAS Pulse Width (Fast Page Mode) 


RAS Hold Time 


RAS Hold Time From CAS 
Precharge (Fast Page Mode) 


CAS Hold Time 


CSS Pulse Width 


Ras to CAS Delay Time 


Ras to Column Address Delay 
Time 


CAS to RAS Precharge Time 


CAS Precharge Time 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Column Address To RAS Lead Time 


Read Command Set-Up Time 


Read Command Hold Time 


Read Command Hold Time refer¬ 
enced to RAS 


Write Command Hold Time 
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TC514410ASJ-60/70/80 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 


TC5144100ASJ 




CONDITIONS (CONT) 

SYMBOL 

CHARACTERISTIC 

twp 

Write Command Pulse Width 

^RWL 

Write Command to RAS Lead Time 

twL 

Write Command to CAS Lead Time 

^DS 

Data Set-Up Time 

^DH 

Data Hold Time 

^REF 

Refresh Period 

twcs 

Write Command Set-Up Time 

tcWD 

CAS to WE Delay Time 

^RWD 

RAS to WE Delay Time 

UwD 

Column Address to WE Delay Time 

*CPWD 

CAS Precharge to WE Delay Time 

k:sR 

CAS Set-up Time 
(CAS before rAS Cycle) 

k:HR 

CAS Hold Time 
(CAS before RAS Cycle) 

^RPC 

RAS to CaS Precharge Time 

k:PT 

CAS Precharge Time 

(CAS before RAS Counter Test 

Cycle) 

^ROH 

RAS Hold Time referenced to DE 

k)EA 

DE Access Time 

k)ED 

DE to Data Delay 

k)EZ 

Output buffer turn off Delay Time 
fromDE 

k)EH 

DE Command Hold Time 

k)DS 

Output Disable Set-up Time 

twTS 

Write Command Set-up Time 
(Test Mode In) 

twTH 

Write Command Hold Time 
(Test Mode In) 

twRP 

WRITE to RA$ Prechaige Time 
(CAS before RAS Cycle) 

twRH 

Write to RAS Hold Time 
(CAS before RAS Cycle) 
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TC514410ASJ-60/70/80 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (CONT) 


SYMBOL 

PARAMETER 

TC5144100ASJ 

UNIT 

NOTES 

-60 

-70 

-80 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

twBS 

Write Per Bit Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


twBH 

Write Per Bit Hold Time 

10 

- 

10 

- 

10 

- 

ns 


twDS 

Write Per Bit Selection Set-Up 

Time 

0 

“ 

0 

- 

0 

- 

ns 


twDH 

Write Per Bit Selection Hold Time 

10 

- 

10 

- 

10 

- 

ns 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS IN THE TEST MODE 


SYMBOL 

PARAMETER 

TC5144100ASJ 

UNIT 

NOTES 

-60 

-70 

-80 

MIN 

MAX. 

MIN 

MAX 

MIN 

MAX 

^RC 

Random Read or Write Cycle Time 

115 

- 

135 

- 

155 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

50 

- 

50 

- 

55 

- 

ns 


tRAC 

Access Time from RAS 

- 

65 

- 

75 


85 

ns 

9,14, 

15 

tCAC 

Access Time from CAS 

- 

25 

- 

25 

- 

25 

ns 

9,14 

^AA 

Access Time from Column Address 

- 

35 

- 

40 

- 

45 

ns 

9. 15 

k:pA 

Access Time from CAS Precharge 

- 

45 

- 

45 

- 

50 

ns 

9 

^RAS 

RAS Pulse Width 

65 

10,000 

75 

10,000 

085 

10,000 

ns 


^RASP 

RAS Pulse Width (Fast Page Mode) 

65 

200,000 

75 

200,000 

85 

200,000 

ns 


tRSH 

RAS Hold Time 

25 

- 

25 

- 

25 

- 

ns 


k:sH 

CAS Hold Time 

65 

- 

75 

- 

85 

- 

ns 


^RHCP 

CAS Precharge to RAS Hold Time 

45 

- 

45 

- 

50 

- 

ns 


tcAS 

CAS Pulse Width 

25 

10,000 

25 

10,000 

25 

10,000 

ns 


^RAL 

Column Address to RAS Lead Time 

35 

- 

40 

- 

45 

- 

ns 



CAPACITANCE (Vcc = 5V ± 10%, f = IMHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

Cii 

Input Capacitance (A0~A9) 

- 

5 

pF 

Ci2 

Input Capacitance (RAS, CAS, WBAVE, DE) 

- 

7 

pF 

Co 

Input/Output Capacitance (W1/I01~W4/I04) 

- 

7 

pF 
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TC514410ASJ-60/70/80 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to 
the device. 

2. All voltages are referenced to Vgs- 

3- Icci. Icc 3 . Icc 4 . Icc6 depend on cycle rate. 

4. Icci. Icc 4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed one or less while RAS=Vjl and CAS = Vm 

6. An initial pause of 200ns is required after power-up followed by 8 KAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume t-r=5ns. 

8. VjH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between Vjh and Vjl. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) and toEz (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

11. Either tRcn of ^rrh must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WB/WE leading edge 
in Read-Modify-Write cycles. 

13. twcs> Irwd’ IcwD- Iawd IcpwD restictive operating parameters. They are included in the data 

sheet as electrical characteristics only. If twcs^wcs (min.), the cycle is an early write cycle and the data 
output will remain open circuit (high impedance) through the entire cycle; If t^^vD^awD (min.), 
tcwD^lcwD (min.), t^wD^AWD (min.) and tcpwp^lcpwD (min.), (Fast Page Mode), the cycle is a Read- 
Modify-Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the tR^^o (max.) limit insures that tR^^ can be met. tR(;Q (max.) is specified as a 
reference point only: If Ircd is greater than the specified tRco (max.) limit, then access time is controlled 
by IcAC- 

15. Operation within the tR^o (max.) limit insures that tR^c (max.) can be met. tR^o (max.) is specified as 
a reference point only: If Ir^d is greater than the specified tR^ (max.) limit, then access time is 
controlled by t^A- 
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WRITE CYCLE (EARLY WRITE) 
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TC514410ASJ-60/70/80 


READ-MODIFY-WRITE CYCLE 


JOS 


ZaS 


A0~A9 


WB/WE 


DE 


W1/I01 

-W4/I04 




*H' or 'L' 


THQUIRA AiiCDI/^A Bl 




TC514410ASJ-60/70/80 


FAST PAGE MODE READ CYCLE 



Nott: Din-OPEN 


"H' or 'L' 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 



A.iao 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 



THAHIRA AMPRir A PI Pi^TDnuir muDnucMTe 


A 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 


105 






05 


A0~A9 


Wff/WE 


Of 


W1/I01 

~W4/I04 





DATA-IN 


Note: OouT ° OPEN 


*H' or "L* 
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TC514410ASJ-60/70/80 


TEST MODE 

The TC5144100/ASJ is the RAM organized 1,048,576 words by 4 bits, it is internally organized 524,288 
words by 8 bits. In ‘Test Mode”, data are written into 8 sectors in parallel and retrieved the same way. AOc is 
not used. If, upon reading, two bits on one I/O pin are equal (all “r’s or “0”s), the I/O pin indicates a “1”. 

If they were not equal, the I/O pin would indicate a “0”. Fig. 1 shows the block diagram of TC5144100/ 
ASJ. In ‘Test Mode”, the 1MX4 DRAM can be tested as if it were a 512KX4 DRAM. 

“WE, CaS Before RAS Refresh Cycle” puts the device into ‘Test Mode”. And “CAS Before RAS Refresh 
Cycle” or RAS Only Refresh Cycle” puts it back into “Normal Mode”. In the Test Mode, “WE, CaS Before 
RAS Refresh Cycle” performs the refresh operation with internal refresh address counter. The ‘Test Mode” 
function reduces test times (1/2 in case of N test pattern). 

BLOCK DIAGRAM IN THE TEST MODE 


Aoc Vcc 



Figure 1 
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TC5117400J/Z/Fr-60/70 

4,194,304 WORD X 4 BIT DYNAMIC RAM 

DESCRIPTION 

The TC5117400J/Z/FT-60/70 is the new generation dynamic RAM organized 4,194,304 word by 4 bit. 

The TC5117400J/Z/FT-60/70 utilizes Toshiba’s CMOS silicon gate process technology as well as advanced 
circuit techniques to provide wide operating margins, both internally and to the system user. 

Multiplexed address inputs permit the TC5117400J/Z/FT-60/70 to be packaged in 28/24 pin plastic SOJ, 

24 pin plastic ZIP and 28/24 pin plastic TSOP. The package provides high system bit densities and is compatible 
with widely available automated testing and insertion equipment. System oriented features include single power 
supply of 5V±10% tolerance, direct interfacing capability with high performance logic families such as Schottky 
TTL. 

FEATURES 

• Single power supply of 5V±10% with a built- 
in VgB generator 

• Low Power 

660mW MAX. Operating 
(TC5117400J/Z/FT-60) 

550mW MAX. Operating 
(TC5117400J/Z/FT-70) 

5.5mWMAX. Standby 
Outputs unlatched at cycle end allows two 
dimensional chip selection 

• Read-Modify-Write, CAS before RaS refresh, 

RAS-only refresh, Hidden refresh and Fast 
Page Mode and Test Mode capability 

• All inputs and outputs TTL compatible 

• 2048 refresh cycles/32ms 

• Package 

TC5117400J: SOJ28-P-400A 
TC5117400Z: ZIP24-P-475 
TC5117400FT: TSOP28-P-400B 


KEY PARAMETERS 


ITEM 

TC5117400J/Z/FT 

-60 

-70 

tRAc RAS Access Time 

60ns 

70ns 

tAA Column Address 

Access Time 

30ns 

35ns 

tcAc CAS Access Time 

15ns 

20ns 

tRc Cycle Time 

110ns 

130ns 

tpc Fast Page Mode 

Cycle Time 

40ns 

45ns 
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TC5117400J/Z/Fr-€0/70 


PIN NAME 


A0~A9 

Address Inputs 

RS5 

Row Address Strobe 

CSS 

Column Address Strobe 

WRITE 

Read/Write Input 

DE 

Output Enable 

1/01-1/ 

04 

Data Input/Output 

Vcc 

Power (+ 5V) 

Vss 

Ground 


PIN CONNECTION (TOP VIEW) 


Plastic SOJ Plastic ZIP Plastic TSOP 
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TC5117400J/Z/FT-60/70 


BLOCK DIAGRAM 



ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RANGES 

UNIT 

NOTE 

Input Voltage 

^IN 

— 1-7 

V 

1 

Output Voltage 

^OUT 

—1-7 

V 

1 

Power Supply Voltage 

Vcc 

_l-7 

V 

1 

Operating Temperature 

Topr 

0-70 

°C 

1 

StorageTemperature 

Tstg 

-55-150 

°c 

1 

Soldering Temperature ‘Time 

Tsolder 

260 • 10 

• sec 

1 

Power Dissipation 

Pd 

700 

mW 

1 

Short Circuit Ouput Current 

Iqut 

50 

mA 

1 
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TC51174(X)J/Z/FT-60/70 


RECOMMENDED D.C. OPERATING CONDITION (Ta = 0~70°c) 



PARAMETER MIN. TYR MAX. UNIT NOTE 

Supply Voltage 4.5 5.0 5.5 V 2 

Input High Voltage 2.4 — Vcc+0-5 V 2 


Input Low Voltage 


♦—^2.0V at pulse width 5 20ns 


D.C. ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°C) 



SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

NOTE 

icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS Address Cycling: Irc = Irc 
MIN.) 

TC5117400J/Z/FT-60 

— 

120 

mA 

3,4,5 

TC5117400J/Z/FT-70 

B 

100 

1CC2 

STANDBY CURRENT 

Power Supply Standby Cunent 
(RAS=CaS=V jjj 

— 

2 

mA 

■ 

k:c3 

RXS ONLY REFRESH CURRENT 
Average Power Supply Current, RAS 

Only Mode 

(RAS Cycling, CAS=V{{j; tj^c~^RC MIN.) 

TC5117400J/Z/FT-60 

Hi 

120 

mA 

3,5 

TC51174(X)J/Z/FT-70 

— 

lOO 

k:c4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page 
Mode 

(RaS=Vil, CAS, Address Cycling: 
tpc=tpc MIN.) 

TC5117400J/Z/FT-60 

B 

70 

mA 


TC5117400J/Z/FT-70 

B 

60 

lcc5 

STANDBY CURRENT 

Power Supply Standby Current 
(RS5=CAS=Vcc—0.2V) 

P 

■ 

iriA 

■ 

k:c6 

CSS BEFORE RSS REFRESH CUR¬ 
RENT 

Average Power Supply Current, CAS 
Before RAS 

Mode (RAS, CAS Cycling; tRc=tRC 

MIN.) 

TC5117400J/Z/FT-60 

■ 

120 

itiA 

3,5 

TC51174(X)J/Z/FT-70 

— 

100 

*I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(OV<ViN<Vcc, All Other Pins Not Under Test=OV) 

—10 

10 

pA 

■ 

^(L) 

OUTPUT LEAKAGE CURRENT 
(Dour is disabled, OV^Vquj^V^^^) 

—10 

10 

pA 

B 

VOH 

OUTPUT LEVEL 

Output “H” Level Voltage (Iout= —5mA) 

B 

■ 

B 

B 


OUTPUT LEVEL 

Output “L” Level Voltage (IouT=4.2mA) 

B 

D 

B 

B 
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TC5117400J/Z/Fr-60/70 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (Vcc = 5V ± 10%, Ta = 0~70‘^C)(Notes 6,7,8) 


SYMBOL 

PARAMETER 

tRC 

Random Read or Write Cycle Time 

tRMW 

Read-Modify-Write Cycle Time 

tpc 

Fast Page Mode Cycle Time 

tpRMW 

Fast Page Mode Read-Modify-Write Cycle Time 

^RAC 

Access Time from Ras 

klAC 

Access Time from Cas 

^AA 

Access Time from Column Address 

kl>A 

Access Time from CAS Precharge 

k:Lz 

CAs to ouput in Low-Z 

k)FF 

Output Buffer Turn-off Delay 

tx 

Transition Time (Rise and Fall) 

^RP 

RAS Precharge Time 

tRAS 

RAS Pulse Width 

tRASP 

Ras Pulse W^dth (Fast Page Mode) 

^RSH 

RAS Hold Time 

tRHCP 

RAS Hold Time From CAS Precharge (Fast Page 
Mode) 

k:sH 

CAS Hold Time 

k;AS 

CAS Pulse Width 

^RCD 

RAS to CAS Delay Time 

tRAD 

Ras to Column Address Delay Time 

k:RP 

CAS to RAS Precharge Time 

tcp 

CAS Precharge Time 

UsR 

Row Address Set-Up Time 

^RAH 

Row Address Hold Time 

Use 

Column Address Set-Up Time 

k:AH 

Column Address Hold Time 

^RAL 

Column Address to RAS Lead Time 

Ucs 

Read Command Set-Up Time 

UcHS 

Read Command Hold Time 

^RRH 

Read Command Hold Time referenced to RAS 


TC5117410J/Z/FT 
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TC5117400J/Z/FT-60/70 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 


TC5117400J/Z/FT 


SYMBOL 

PARAMETER 

twCH 

Write Command Hold Time 

twp 

Write Command Pulse AMdth 

tRWL 

Write Command to RAS Lead Tune 

*CWL 

Write Command to CAS Lead Time 

^DS 

Data Set-Up Time 

toH 

Data Hold Time 

tREF 

Refresh Period 

twcs 

Write Command Set-Up Time 

k:wD 

CAS to WRITE Delay Time 

tRWD 

RAS to WRITE Delay Time 

^AWD 

Column Address to WRITE Delay 11010 

tcPWD 

CAS Precharge to WRITE Delay Time 

k:sR 

CAS Set-Up Time 
(CAS before RAS Cycle) 

kaiR 

CAS Hold Time 
(CAS before RAS Cycle) 

^RPC 

RAS to CAS Precharge Time 

k:PT 

CAS Precharge Time (CAS before RAS Counter 
Test Cycle 

^ROH 

RAS Hold Time referenced to DE 

k)EA 

DE Access Time 

k)ED 

DE to Data Delay 

k)EZ 

Output buffer turn off Delay Time from DE 

k)EH 

DE Command Hold Time 

k)DS 

Output Disable Set-Up Time 

twTS 

Write Command Set-Up Time (Test Mode In) 

twTH 

Write Command Hold Time (Test Mode In) 

twRP 

WRl l L to RAS Precharge Time (CAS before 
RAS Cycle) 

^WRH 

! 

WRITE to RAS Hold Time (CSS before RAS 
Cycle) 
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TC5117400J/Z/Fr-60/70 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS IN THE TEST MODE 


SYMBOL 

PARAMETER 

TC5117400J/Z/FT 

UNIT 

NOTES 

—60 

—70 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

115 

— 

135 

— 

ns 


tpc 

Fast Page Mode Cycle Time 

45 

— 

50 

— 

ns 


tRAC 

Access Time from RAS 

— 

65 

— 

75 

ns 

9,14, 
15 

tcAC 

Access Time from CAS 

— 

20 

— 

25 

ns 

9,14 

^AA 

Access Time from Column Address 

— 

35 

— 

40 

ns 

9,15 

tcPA 

Access Time from CAS Precharge 

— 

40 

— 

45 

ns 

9 

tRAS 

RAS Pulse Width 

65 

10,000 

75 

10,000 

ns 


tRASP 

RAS Pulse Width (Fast Page Mode) 

65 

200,000 

75 

200,000 

ns 


tRSH 

RAS Hold Time 

20 

— 

25 

— 

ns 


k:sH 

CAS Hold Time 

65 

— 

75 

— 

ns 


^RHCP 

CAS Precharge to Ras Hold Time 

40 

— 

45 

— 

ns 


tcAS 

Cas Pulse Width 

20 

10,000 

25 

10,000 

ns 


tRAL 

Column Address to RAS Lead Time 

35 

— 

40 

— 

ns 


k)EA 

DE Access Time 

— 

20 

— 

25 

ns 


k)EH 

DE Hold Time 

20 

— 

20 

— 

ns 



CAPACITANCE (Vcc = 5V ± 10%, f= IMHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN 

Mi\X 

UNIT 

Cii 

Input Capacitance(A0~A10) 

— 

5 

pF 

Ci2 

Input Capacitance (RAS, CaS, wki iti. 

— 

7 

pF 

Co 

Input/Output Capacitance (1701-1704) 

— 

7 

pF 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


A-145 




































































































TC51174(X)J/Z/FT-60/70 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to 
the device. 

2. All voltages are referenced to Vss- 

3. Icci> k:c 3 > Icc 4 * ^C6 depend on cycle rate. 

4. Icci» Icc 4 depend on output loading. SPEcified values are obtained with the output open. 

5. Address can be changed one or less while ras=Vil. In case of Icc 4 . it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 200ps is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 C^AS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume t 7 =Sns. 

8. VjH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between Vm and Vjl. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) and toEz (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

11. Either t^cH ^rrh must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge 
in Read-Modify-Write cycles. 

13. t^cs’ IrwD’ fcwD> UwD ^<1 IcpwD ^ restictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If ^cs ^wcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If t^wD^RWO (min.), 
tcwD^k:wD (min.), t^wD^AWD (min.) and tcpwp^k:pwD (min.), (Fast Page Mode), the cycle is a Read- 
Modify-Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the tRco (max.) limit insures that t^^c can be met. t^cs (max.) is specified as a 
reference point only: If tj^^D gmater than the specified t^^^Q (max.) limit, then access time is controlled 
by icAC- 

15. Operation within the tR^o (max.) limit insures that tR^c (max.) can be met. tR^o (max.) is specified as 
a reference point only: If tR^p is greater than the specified tRy^p (max.) limit, then access time is 
controlled by t^A. 
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TC5117400J/Z/FT-60/70 


FAST PAGE MODE READ CYCLE 



Not*: Om-OPEN 


*H* or 'L* 


FAST PAGE MODE WRITE CYCLE 



Not*: Dour "OPEN 


*H* or *L' 
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TC5117400J/Z/FT-60/70 


CSS BEFORE RS5 REFRESH COUNTER TEST CYCLE 
















TC5117400J/Z/Fr-60/70 


WRITE, CSS BEFORE R55 REFRESH CYCLE 



Note : DB=”L”, 0 |n=OPEN 
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WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 







TC5117400J/Z/Fr-60/70 


FAST PAGE MODE READ CYCLE IN THE TEST MODE 



NoU ; 0B="L", D|n=OPEN 


«H* or "L" 
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TC5117400J/Z/Fr-60/70 


TEST MODE 

The TC5117400jyZ/FT is the RAM organized 4,194,304 words by 4 bits; it is internally organized 
1,048,576 words by 16 bits. In “Test Mode,” data are written into 16 sectors in parallel by using only I/Ol. Ale, 
AOc are not used. If, upon reading, 16 bits are equal (all “r’s or “0”s), the 1/04 pin indicates a “1.” If they were 
not equal, the 1/04 pin would indicate a “0.” I/O 1,1/02 and 1/03 always indicate a “1” during test mode read cycle. 
Fig. 1 shows the block diagram of TC5117400J/27Fr. In ‘Test Mode,” the 4Mx4 DRAM can be tested as if it 
were a 1MX16 DRAM. 

“WRITE, CAS Before RAS Refresh Cycle” puts the device into ‘Test Mode.” And “CAS Before RAS 
Refresh Cycle” or “RAS Only Refresh Cycle” puts it back into “Normal Mode.” In the Test Mode, “WRITE, 
CAS Before RAS Refresh Cycle” Performs the refresh operation with the internal refresh address counter. The 
‘Test Mode” function reduces test times (1/4 in case of N test pattern). 

BLOCK DIAGRAM IN THE TEST MODE 



Figure 1 
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TC5116400J/FT-60/70 


4,194,304 WORD X 4 BIT DYNAMIC RAM 

DESCRIPTION 

The TC5116400J/FT is the new generation dynamic RAM organized 4,194,304 word by 4 bit. The 
TC5116400J/FT utilizes Toshiba’s CMOS silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the system user. Multiplexed address inputs 
permit the TC5116400J/FT to be packaged in a 28/24 pin plastic SOJ, and 28/24 pin plastic TSOP. The package 
size provides high system bit densities and is compatible with widely available automated testing and insertion 
equipment. System oriented features include single power supply of 5V± 10% tolerance, direct interfacing 
capability with high performance logic families such as Schottky TTL. 


FEATURES 

• 4,194,304 word by 4 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% with a built- 
in Vbb generator 

• Low Power 

495mW MAX .Operating 
(TC5116400J/Fr-60) 

440mW MAX. Operating 
(TC5116400J/Fr-70) 

5.5mW MAX. Standby 

• Outputs unlatched at cycle end allows two-di¬ 
mensional chip selec tion _ 

• Read -Modify-Write, CAS before RAS refresh, 
RAS-only refresh. Hidden refresh. Fast Page 
Mode and Test Mode capability 

• All inputs and outputs TTT^ compatible 

• 4096 refresh cycles/64ms 

• Package TC5116400J : SOJ28-P-400A 

TC5116400FT: TSOP28-P-400B 


KEY PARAMETERS 


ITEM 

TC5116400J/FT 

-60 

-70 

^RAC 

Access Time 

60ns 

70ns 

^AA 

Column Address 

Access Time 

30ns 

35ns 

*CAC 

^^7^5 Access Time 

15ns 

20ns 

tRC 

Cycle Time 

110ns 

130ns 

tpc 

Fast Page Mode 

Cycle Time 

40ns 

45ns 
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TC5116400J/FT-60/70 


PIN NAME 


A0~A11 

Address Inputs 

RS5 

Row Address Strobe 

CSS 

Column Address Strobe 

WRITE 

Read/Write Input 

DE 

Output Enable 

1/01-1/04 

Data Input/Output 

^cc 

Power (+5V) 

Vss 

Ground 


PIN CONNECTION (TOP VIEW) 
Plastic SOJ 


Plastic TSOP 


1 

28 

I]V$s 

VccC 


28 

2 

27 

]U04 

w)iC 

2 

27 

3 

26 

]l/03 

V02£ 

3 

26 

4 

25 


WRITE C 

4 

25 

5 

24 

:oE 

w|; 

5 

24 

6 

23 

:a» 

aiirQ 

6 

23 

9 

20 

]A8 

aiorC 

9 

20 

10 

19 

]A7 

aoQ 

10 

19 

11 

18 

:a6 

At: 

11 

18 

12 

17 

:as 

A2C 

12 

17 

13 

16 

]A4 

as: 

13 

16 

14 

15 

DVss 

VccC 

14 

15 


□ A6 
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ABSOLUTE MAXIMUM RATINGS 


Output Voltage 


Power Supply Voltage 



Operating Temperature 


Storage Temperature 


Soldering Temperature • Time 


Power Dissipation 


Short Circuit Output Current 
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TC5116400J/FT-60/70 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0-70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP 

MAX 

UNIT 

NOTE 

^CC 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

ViH 

Input High Voltage 

2.4 

- 

Vcc+0.5 

V 

2 

ViL 

Input Low Voltage 

-0.5* 

- 

0.8 

V 

2 


♦-2.0V at pulse width ^ 20ns 


D.C. ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX 

UNIT 

NOTES 

I 

CCl 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRc=tRC MIN.) 

TC511640J/FT-60 

- 

90 

mA 

3,4 

5 

TC511640J/FT-70 

■ 

80 

I 

CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V j{^) 

■ 

2 

mA 

■ 

ICC3 

RAS ONLY REFRESH CURRENT Average 

Power Supply Current, Only Mode 

(RaS Cycling, cAS=Vjj^: t|^c=tj^C MIN.) 

TC511640J/FT-60 


90 

mA 

3,5 

TC511640J/FT-70 

■ 

80 

I 

CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS =ViL, CAS, Address Cycling:tpc=tpc MIN.) 

TC511640J/FT-60 


70 

mA 

3,4 

5 

TC511640J/FT-70 

■ 

60 

I 

CCS 

STANDBY CURRENT 

Power Supply Standby Current 
(RA5=CAS=Vcc-0.2V) 

■ 

1 

mA 

■ 

I 

CC6 

CAS BEFORETIAS REFRESH CURRENT 

TC511640J/FT-60 


90 

mA 

3,5 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS, Cycling: Irc^^RC MIN.) 

TC511640J/FT-70 

■ 

80 

I 

I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0V<Viiyf<Vcc, All Other Pins Not Under Test=0V) 

-10 

10 

pA 

■ 

0(L) 

OUTPUT LEAKAGE CURRENT 
(Dquj- is disnblcd, OV —V^out~^cc^ 

-10 

10 

pA 

■ 

VOH 

OUTPUT CURRENT 

Output “H” Level Voltage (IouT=-5niA) 

2.4 

■ 

B 

Bi 

VoL 

OUTPUT CURRENT 

Output “L” Level Voltage (IouT=4.2mA) 

■ 

0.4 

B 
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TC5116400J/FT-60/-70 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (Vcc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 


SYMBOL 

PARAMETER 

TC5116400J/FT 

UNIT 

NOTES 

-60 

-70 

MIN 

MAX. 

MIN 

MAX 

tRC 

Random Read or Write Cycle Time 

no 

- 

130 

- 

ns 


tRMW 

Read-Modify-Write Cycle 

155 

- 

180 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

40 

- 

45 

- 

ns 


tpRMW 

Fast Page Mode Read-Modify-Write 
Cycle Time 

85 

■ 

95 

" 

ns 


tRAC 

Access Time from RAS 

- 

60 

- 

70 

ns 

9,14,15 

k:AC 

Access Time from Cas 

- 

15 

- 

20 

ns 

9,14 

^AA 

Access Time from Column Address 

- 

30 

- 

35 

ns 

9,15 

k:pA 

Access Time from CAS Precharge 

- 

35 

- 

40 

- 

9 

k:Lz 

CAS to Output in Low-Z 

0 

- 

0 

- 

ns 

9 

k>FF 

Output Buffer Turn-off Delay 

0 

15 

0 

15 

ns 

10 

h 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

ns 

8 

^RP 

RAS Presharge Time 

40 

- 

50 

- 

ns 


^RAS 

rAS Pulse Width 

60 

10,000 

70 

10,000 

ns 


^RASP 

RAS Pulse Width (Fast Page Mode) 

60 

200,000 

70 

200,000 

ns 


^RSH 

RAs Hold Time 

15 

- 

20 

- 

ns 


^RHCP 

RAS Hold Time From CAS 

Precharge (Fast Page Mode) 

35 

• 

40 


ns 


k:sH 

CAS Hold Time 

60 

- 

70 

- 

ns 


k:AS 

CAS Pulse Width 

15 

10,000 

20 

10,000 

ns 


^RCD 

RAS to CAS Delay Time 

20 

45 

20 

50 

ns 

14 

^RAD 

RaS to Column Address Delay Time 

15 

30 

15 

35 

ns 

15 

tcRP 

CAS to RAS Precharge Time 

5 

- 

5 


ns 


k:p 

CAS Precharge Time 

10 

- 

10 

- 

ns 


UsR 

Row Address Set-Up Time 

0 

- 

0 

- 

ns 


tRAH 

Row Address Hold Time 

10 

- 

10 

- 

ns 


^ASC 

Column Address Set-Up Time 

0 

- 

0 

- 

ns 


tcAH 

Colunm Address Hold Time 

10 

- 

15 

- 

ns 


tRAL 

Column Address To RAS Lead Time 

30 

- 

35 

- 

ns 


tRCS 

Read Cormnand Set-Up Time 

0 

- 

0 

- 

ns 


tRCH 

Read Command Hold Time 

0 

- 

0 

- 

ns 

11 

^RRH 

Read Cormnand Hold Time refer¬ 
enced to RAS 

0 

“ 

0 

• 

ns 

11 
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TC5116400J/FT-60/70 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 


SYMBOL 

PARAMETER 

twCH 

Write CommandHold Time 

twp 

Write Command Pulse A^^dth 

^RWL 

Write Command to RAS Lead Time 

tcWL 

Write Command to CAS Lead Time 

^DS 

Data Set-Up Time 

^DH 

Data Hold Time 

^REF 

Refresh Period 

twcs 

Write Command Set-Up Time 

k:wD 

CAS to WRITE Delay Time 

^RWD 

RAS to WRITE Delay Time 

^AWD 

Column Address to WRITE Delay Time 

krwD 

CAS Precharge to WKfl't; Delay Time 

k:sR 

CAS Set-Up Time 
(CaS before RAS Cycle) 

kaiR 

CAS Hold Time 
(CAS before RAS Cycle) 

^RPC 

RAS to CAS Precharge Time 


CAS Precharge Time 

(CAS before RAS Counter Test Cycle 

^ROH 

RAS Hold Time referenced to OE 

k)EA 

OE Access Time 

k)ED 

OE to Data Delay 

k>EZ 

Output buffer turn off Delay Time from OE 

toEH 

OE Command Hold Time 

kjDS 

Output Disable Set-Up Time 

twTS 

Write Command Set-Up Time 
(Test Mode In) 

twTH 

Write Conunand Hold Time 
(Test Mode In) 

^WRP 

WRll'E to RAS Precharge Time 
(CAS before RaS Cycle) 

tWRH 

Write to RAS Hold Time 
(CAS before RAS Cycle 


TC5116400J/FTL 
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TC5116400J/FT-60/-70 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS IN THE TEST MODE 


SYMBOL 

PARAMETER 

TC5116400J/FTL 

UNIT 

NOTES 

-60 

-70 

MIN 

MAX 

MIN 

MAX 

tRC 

Random Read or Write Cycle Time 

115 

- 

135 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

45 

- 

50 

- 

ns 


^RAC 

Access Time from RAS 

■ 

65 

■ 

75 

ns 

9,14, 

15 

k:AC 

Access Time from CAS 

- 

20 

- 

25 

ns 

9,14 

^AA 

Access Time from Column Address 

- 

35 

- 

40 

ns 

9,15 

tcPA 

Access Time from CAS Precharge 

- 

40 

- 

45 

ns 

9 

^RAS 

RAS Pulse Width 

65 

10,000 

75 

10,000 

ns 


tRASP 

RAS Pulse >^dth (Fast Page Mode) 

65 

200,000 

75 

200,000 

ns 


^RSH 

RAS Hold Time 

20 

- 

25 

- 

ns 


tcSH 

CAS Hold Time 

65 

- 

75 

- 

ns 


^RHCP 

CAS Precharge to RAS Hold 

40 

- 

45 

- 

ns 


*CAS 

CAS Pulse Width 

20 

10,000 

25 

10,000 

ns 


tRAL 

Column Address to RAS Lead 

35 

- 

40 

- 

ns 


*OEA 

DE Access Time 

- 

20 


25 

ns 


tRAL 

DE Command Hold Time 

30 

- 

20 

- 

ns 



CAPACITANCE (Vcc = 5V ± 10%, f= IMHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

Ql 

Input Capacitance (A0~A11) 

- 

5 

pF 

Ci2 

Input Capacitance (RAS, CAS, WRITE, DE) 

- 

7 

pF 

Co 

Input Capacitance (1/01-1/04) 

- 

7 

pF 
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TC5116400J/FT-60/70 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to 
the device. 

2. All voltages are referenced to Vss- 

3. Icci.Icc3>Icc4>Icc6‘^®P®*'d on cycle rate. 

4. Icci. Icc 4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=Vil. In case of Icc 4 . it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of ZOOps is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tx=5ns. 

8. VjH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between Vjjj and Vjl. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) and toEz (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

11. Either t^cH or tRRjj must be satisfied for a read cycle. 

12. These parameters are referenced toCAS leading edge in early write cycles and to WRITE leading edge 
in Read-Modify-Write cycles. 

13. txvcs> tRWD> tcwD’ Iawd and tcpwD are not restictive operating parameters. They are included in the date 
sheet as electrical characteristics only. If %cs ^^wcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If tRWD^^RWD (min.), 
tcwD>k:wD (min.), tAwo^Uwo (min.) and tcpwp>tcpwDD (min.), (Fast Page Mode), the cycle is a Read- 
Modify-Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the t^co (max.) limit insures that t^Ac can be met. t^cD (max.) is specified as a 
reference point only: If tRcu is greater than the specified t^cD (max.) limit, then access time is controlled 
by tcAC- 

15. Operation within the Iraq (max.) limit insures that tRAc (max.) can be met. tRAc (max.) is specified as 
a reference point only: If tRAo is greater than the specified tRAo (max.) limit, then access time is 
controlled by Iaa- 
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READ CYCLE 
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TC5116400J/FT-60/-70 


FAST PAGE MODE READ CYCLE 






A0~A9 


AlO.AII 


WRITE 


OE 


1/01 

~l/04 



Note; Dins OPEN 


-H' or "L* 
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FAST PAGE MODE WRITE CYCLE 
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TC5116400J/FT-60/70 


HIDDEN REFRESH CYCLE (WRITE) 



Note: DouT * OPEN 



"H* or 'L* 
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TC5116400J/FT-60/-70 


css BEFORE R5S REFRESH COUNTER TEST CYCLE 


VF\- 





DATA-OUT 


"H* or 'L' 
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WRITE, rus BEFORE RS5 REFRESH CYCLE 
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TC5116400J/FT-60/-70 


FAST PAGE MODE READ CYCLE IN THE TEST MODE 


10S 


CS5 


A0~A9 


A10,A11 


WRIT? 


V01 

-1/03 


1/04 



Note : OE=“L" , Din=OPEN 


: "H' or “L" 
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TC5116400J/FT-60/70 


FAST PAGE MODE WRITE CYCLE IN THE TEST MODE 



Note : l/02~l/04»*H*or *L‘ . Dout=OPEN 


“H* or “L' 
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TC5116400J/FT-60/-70 


TEST MODE 

The TC5116400J/FT is the RAM organized 4,194,304 words by 4 bits, it is internally organized 1,048,576 
words by 16 bits. In “Test Mode”, data are written into 16 sectors in parallel by using only I/IO. Ale, AOc are 
not used. If, upon reading, 16 bits equal (all “l”s or “0”s), the 1104 pin indicates a“l”. If they were not equal, 
the 1/04 pin would indicate a “0”. I/Ol, 1/02 and 1/03 always indicate “1” during test mode read cycle. Fig. 1 
shows the block diagram of TC51164(X)J/FT. In ‘Test Mode”, the 4M5DRAM can be tested as if it were a 
1M516DRAM. 

“WRITE, CAS Before RAS Refresh Cycle” puts the device into “Test Mode”. And “CAS Before RAS 
Refresh Cycle” or RAS Only Refresh Cycle” puts it back into “Normal Mode”. In the Test Mode, “WRITE, 
CAS Before RAS Refresh Cycle” performs the refresh operation with internal refresh address counter. The 
‘Test Mode” function reduces test times (1/4 in case of N test pattern). 

BLOCK DIAGRAM IN THE TEST MODE 



Figure 1 
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TC514800Ar/AZ/AFr-70/80 

524^88 WORD X 8 BIT DYNAMIC RAM 

DESCRIPTION 

The TC514800AJ/AZ/AFT is the new generation dynamic RAM organized 524,288 word by 8 bit. The 
TC514800AJ/AZ/AFT utilizes Toshiba’s CMOS silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the system user. Multiplexed address inputs 
permit the TC514800AJ/AZ/AFT to be packaged in a standard 28 pin plastic SOJ, 28 pin plastic ZIP and 28 pin 
plastic TSOP. The package size provides high system bit densities and is compatible with widely available 
automated testing and insertion equipment. System oriented features include single power supply of 5V+ 10% 
tolerance, direct interfacing capability with high performance logic families such as Schottky TTL, 


FEATURES 


KEY PARAMETERS 


• 524,288 word by 8 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% with a built- 
ion VpB generator 

• Low Power 

578mW MAX .Operating 
(TC514800AJ/AZ/AFT-70) 

495mW Max. Operating 
TC514800AJ/AZ/AFT-80 
5.5mW Max. Standby 

• Outputs unlatched at cycle end allows two-di¬ 
mensional chip selec tion _ 

• Read-Modify-Write, CAS before RAS refresh, 
RAS-only refresh. Hidden refresh. Fast Page 
Mode capability 

• All inputs and outputs TTL compatible 

• 1024 refresh cycles/16ms 

• Package 

TC514800AJ :SOJ28-P-400 

TC514800AZ :ZIP28-P-400 
TC514800AFT :TSOP28-P-400 


ITEM 

TC514800AJ/AZ/AFT 

-70 

-80 

IrAC 

Access Time 

70ns 

80ns 

^AA 

Column Address 

Access Time 

35ns 

40ns 

tcAC Access Time 

20ns 

20ns 

*RC 

Cycle Time 

130ns 

150ns 

tpc 

Fast Page Mode 

Cycle Time 

45ns 

50ns 
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TC514800J/AZ/AFTA-70/80 


PIN NAME 


00 

Address Inputs 

RA5 

Row Address Strobe 

CSS 

Column Address Strobe 

WRITE 

Read/Write Input 

DE 

Output Enable 

1/01-1/08 

Data Input/Output 

Vcc 

Power (+ 5V) 

Vss 

Ground 

N.C. 

No Connection 


PIN CONNECTION (TOP VIEW) 


Plastic 50J 


Plastic ZIP 


Plastic TSOP 
(Normal Bend Type) 


VccC 
1/01C 
1/02 C 
1/03 C 
1/04 C 
N.CC 
WRiTEC 

mi 

A9RC 

AOC 

Ate 

A2 

A3 

veed 


28 3 


Vss 
1/08 
1/07 
1/06 
1/05 
3Ca5 
im 

3N.C. 
:a8 

3A7 
3a6 
3 AS 
3A4 
14 15 3Vss 


27 3 
26 3 
25 3 

24 b 

23 

22 

21 

20 


10 19 

11 18 

12 17 

13 16 


^.13 

1/05 ii] 


1/07 

Vssl 

1/01 

1/031 

N.C 

AO 

A2 

Vec! 

A4 

A6 

A8 


L5J 

!] 

Lij 

. 0 ] 

LC3J 

js] 

5] 

2j] 

23] 

2]5J 

ivi 


L?. 

L¥. 

[§; 

IV. 

Dii 

[0! 

[lej 

Da 

§0 

§2 

[24' 

[2A 

55 


m 

1/06 

1/08 

i^cc 

1/02 

I1/O4 

WRITE 


A9R 

A1 

A3 

Vss 

AS 

A7 

N.C. 


VccOl 

0 

1 

28 

31 Vss 

l/Ol(E 

2 

27 

311/08 

1/0211 

3 

26 

311/07 

I/03Q; 

4 

25 

]]l/06 

l/04[[ 

5 

24 

311/05 

N.CC 

6 

23 

31 

WRITEir 

7 

22 

31^ 

Ra5IE 

8 

21 

31 N.C. 

A9R[E 

9 

20 

31A8 

aoE 

10 

19 

11A7 

Aia. 

11 

18 

31A6 

A2IE 

12 

17 

31A5 

A3a: 

13 

16 

31A4 

veco; 

14 

15 

3 Vss 
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BLOCK DIAGRAM 


WRiTEO- 




AO 

0*- 

A1 

O*- 

A2 

O** 

A3 

0+- 

A4 

O*- 

AS 

O*- 

A6 


A7 


A8 

O*- 

A9R 

O— 




5 


Vcc Vss 

t f 




N0.2 CLOCK 
GENERATOR 


± 


COLUMN 
ADDRESS 
BUFFERS (9) 


REFRESH 

CONTROLLER 

Tz z 


ROW 
ADDRESS 


Ra5cH 


± 


1/01 


1/02 

O 




1/04 1/06 1/08 

o o o 

1/03 A 1/05 A 1/07 


inm? 




DATA IN 


DATA OUT 

BUFFERS 


BUFFERS 




REFRESH 
COUNTER (10) 


yA BUFFERS (10) 


I) 


COLUMN 

DECODER 


SENCE AMP 
I/O GATE 


10 


N0.1 CLOCK H 
GENERATOR 


LkI 


ecu 


1074 


m 


•512x8- 


MEMORY 

ARRAY 

1024x512x8 


SUBSTRATE BIAS 
GENERATOR 


CFE 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 

ViN 

—1~7 

V 

1 

Output Voltage 


—1~7 

V 

1 

Power Supply Voltage 

Vcc 

—1~7 

V 

1 

Operating Temperature 

Tqpr 

0-70 

°c 

1 

Storage Temperature 


— 55-150 

°c 

1 

Soldering Temperature • Time 


260 • 10 

°C • sec 

1 

Power Dissipation 

Pd 

600 

mW 

1 

Short Circuit Output Current 

I 

OUT 

50 

mA 

1 
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TC514800J/AZ/AFTA-70/80 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0-70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP 

MAX 

UNIT 

NOTE 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

Vffl 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

iB 

Input Low Voltage 

(A0~A8,A9, RS5, CSS, WRITE, DE) 

-1.0*1 

- 

0.8 

mm 

2 

IVjL 

Input Low Voltage (I70~I/09) 

-0.5*2 

- 

0.8 

V 

2 


*1 -2.SV at pulse width i 20ns 
*2 -2.0V at pulse width ^ 20ns 


D.C. ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX 

UNIT 

I 

CCl 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRc=tRc MIN.) 

TC514800AJ/A27AFT-70 

- 

105 

mA 

TC514800AJ/AZ/AFT-80 

" 

90 

I 

CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V jjj) 


2 

mA 

1CC3 

RSS ONLY REFRESH CURRENT Average 
Power Supply Current, Rjjg Only Mode 
(RAS Cycling, CAS=Vjjj: tRc^RC MIN.) 

TC514800AJ/AZ/AFT-70 


105 

mA 

TC514800AJ/AZ/AFT-80 


90 

I 

(Xd 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS =Vil, CaS,A ddress Cycling;tpc=tpcMIN.) 

TC514800AJ/AZ/AFT-70 


75 

mA 

TC514800AJ/AZ/AFT-80 


65 

I 

CCS 

STANDBY CURRENT 

Power Supply Standby Current 
(RS5=CS5=Vcc-0.2V) 


1 

mA 

I 

CC6 

CSS BEFORETISS REFRESH CURRENT 

TC514800AJ/AZ/AFT-70 

- 

105 

mA 

Average Power Supply Current, CAS Betore RAS 
Mode (RAS, CAS,Cycling: tRc=tpc MIN.) 

TC514800AJ/AZ/AFT-80 


90 

I 

I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0 V^in^. 5V, All Other Pins Not Under Test=0V) 

-10 

10 

)lA 

^0(L) 

OUTPUT LEAKAGE CURRENT 
(Dour is disabled, OV <Vout^5.5V) 

-10 

10 

pA 


OUTPUT CURRENT 

Output “H” Level Voltage (IouT=-5inA) 

2.4 

■ 

a 


OUTPUT CURRENT < 

Output “L” Level Voltage (IouT=4.2inA) 

- 

0.4 

a 
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TC514800Af/AZ/AFT-70/80 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (Vcc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 


SYMBOL 

PARAMETER 

tRC 

Random Read or Write Cycle Time 

tRMW 

Read-Modify-Write Cycle 

tpc 

Fast Page Mode Cycle Time 

tpRMW 

Fast Page Mode Read-Modify-Write Cycle Time 

^RAC 

Access Time from RAS 

*CAC 

Access Time from CAs 

^AA 

Access Time from Column Address 

tcPA 

Access Time from CAS Precharge 

k:LZ 

CAS to Output in Low-Z 

k)FF 

Output Buffer Turn-off Delay 

t? 

Transition Time (Rise and Fall) 

tRP 

RAS Presharge Time 

tRAS 

RAS Pulse Width 

tRASP 

RAS Pulse Width (Fast Page Mode) 

^RSH 

RAS Hold Time 

tRHCP 

RAS Hold Time From CAS 

Precharge (Fast Page Mode) 

tcSH 

CAS Hold Time 

k:AS 

CAS Pulse A\^dth 

^RCD 

RAS to CAS Delay Time 

tRAD 

RAS to Column Address Delay Time 

k:RP 

CAs to RAS Precharge Time 

tcp 

CAS Precharge Time 

^ASR 

Row Address Set-Up Time 

tRAH 

Row Address Hold Time 

^ASC 

Column Address Set-Up Time 

k:AH 

Column Address Hold Time 

^AR 

Column Address Hold Time 

^RAL 

Column Address To RAS Lead Time 

^RCS 

Read Command Set-Up Time 

tRCH 

Read Command Hold Time 

tRRH 

Read Command Hold Time referenced to RAS 

twCH 

Write Command Hold Time 

%CR 

Write Command Hold Time referenced to RAS 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 


SYMBOL 

PARAMETER 

twp 

Write Command Pulse 

tRWL 

Write Command to RAS Lead Time 

k:wL 

Write Command to CAS Lead Time 

^DS 

Data Set-Up Time 

^DHR 

Data Hold Time 

^DH 

Data Hold Time referenced to rAS 

tREF 

Refresh Period 

twcs 

Write Command Set-Up Time 

tcWD 

CAS to WRITE Delay Time 

^RWD 

RAS to WRITE Delay Time 

UwD 

Column Address to WRITE Delay Time 

k:PWD 

CAS Precharge to WRl l E Delay Time 

V:sR 

CAS Set-Up Time (CAS before RAS Cycle) 

tCHR 

CAS Hold Time (CAS before RAS Cycle) 

tRPC 

RAS to CAS Precharge Time 

krr 

CAS Precharge Time (CAS before RAS 
Counter Test Cycle) 

tROH 

RAS Hold Time referenced to OE 

k)EA 

DE Access Time 

k)ED 

DE to Data Delay 

k)EZ 

Output buffer turn off Delay Time from DE 

k)EH 

DE Command Hold Time 

toDS 

Output Disable Set-Up Time 
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CAPACITANCE (Vcc = 5V ± 10%, f = IMHz, Ta = 0~70®C) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

Qi 

Input Capacitance (A0~A8, A9) 

- 

5 

pF 

Ci2 

Input Capacitance (RAS, CAS, wRl'lE, o£)) 

- 

7 

pF 

Co 

Input Capacitance (1/01-1/08) 

- 

7 

pF 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to 
the device. 

2. All voltages are referenced to Vss- 

3- Icci- Icc 3 . Icc 4 . Icc6 depend on cycle rate. 

4. Icci> Icc 4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=Vil. In case of Icc 4 . it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 2(X)ps is required after power-up followed by 8 ftAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tT=5ns. 

8. VjH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between Vjjj and Vjl. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) and to^z (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

11. Either t^cH or ^rrh oiust be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge 
in Read-Modify-Write cycles. 

13. %cs> ^RWO’ fcwD> ^AWD ^id tcpwD ^0 **01 rcstictive operating parameters. They are included in the date 
sheet as electrical characteristics only. If t^cs ^wcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If Irwo-Irwo (min.), 
tcwD-k:wD (min.), t^wo-^AWo (min.) and tcpwp^lcpWD (min.), (Fast Page Mode), the cycle is a Read- 
Modify-Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the tRco (max.) limit insures that tR^c can be met. tRco (max.) is specified as a 
reference point only: If Ircd is greater than the specified tRco (max.) limit, then access time is controlled 
by tcAC- 

15. Operation within the tRAo (max.) limit insures that tR^c (max.) can be met. tR^D (max.) is specified as 
a reference point only: If tR^ is greater than the specified tR^o (max.) limit, then access time is 
controlled by t^^. 
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READ CYCLE 
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WRITE CYCLE (DE CONTROLLED WRITE) 



Note: Dout-OPEN : 'H* or 'L‘ 
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FAST PAGE MODE WRITE CYCLE 
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HIDDEN REFRESH CYCLE (WRITE) 
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APPLICATION INFORMATION 


ADDRESSING 

The 19 address bits required to decode 1 of the 524,288 cell locations within the TC51480OAJ/AZ/AFT 
are multiplexed onto the 10 address inputs and latched into the on-chip address latches by externally applying 
two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS), latches the 10 row address bits into the chip. The second 
clock, the Column Address Strobe (CAS), subsequently latches the 9 column address bits into the chip. Each of 
these signals, RAS and CAS triggers a sequence of events which are controlled by different delayed internal 
clocks. 

The two clock chains are linked together logically in such a way that the address multiplexing operation 
is done outside of the critical path timing sequence for read data access. The later events in the CAS clock 
sequence are inhibited until the occurrence of a delayed signal derived from the RAS clock chain. The “gated 
CAS” feature allows the CaS clock to be externally activated as soon as the Row Address Hold Time 
specification (tR^H) has been satisfied and the address inputs have been changed from Row address to Column 
address information. 


Data Inputs 

A write cycle is performed by bringing WRITE low during the RAS/CAS operation. The falling edge of 
CAS or WRITE stobes data on I/01~I/08 into the on-chip data latch. In an early write cycle, WRITE is brought 
low prior to CAS and the data is strobed in by CAS with setup and hold times referenced to this signal. In 
delayed write or read modify write cycle, CAS will already be low, thus the data will be strobed in by WRITE 
with setup and hold times referenced to these signals. 

In delayed or read modify write, UE must be high to bring the output buffers to high impedance prior to 
impressing data on the I/O lines. 


Data Ouputs 

The three state output buffers provide direct TTL compatibility with a fan-out of standard TTL load. Data- 
out is the same polarity as data-in. The outputs are in the high-impedance state until CAS is brought low. In a 
read cycle the outputs go active after the access time interval tR^c k)EA satisfied. 

The outputs become valid after the access time has elapsed and remains valid while CAS and OE are low. 
CAS or DE going high returns it to a high impedance state. In an early-write cycle, the output are always in the 
high-impedance state. In a delayed-write or read-modify-write cycle, the outputs will follow the sequence for 
the read cycle. 

The DE controls the impedance of the output buffers. In the logic high position the buffers will remain in 
a high impedance state. 

When the DE imput is brought to a logical low level, the output buffers are enabled. Both CAS and DE 
can control the outputs. Thus in read operation, either DE or CAS returning high forces the outputs into the high 
impedance state. 
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RSS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 1024 row 
addresses (A0~A8, A9R) within each 16 millisecond time interval. Although any normal memory cycle will 
perform the refresh operation, this function is most easily accomplished “RAS-only” cycles, RAS only refresh 
results in a substantial reduction in operating power. This reduction in power is reflected in the Ices 
specification. 


BEFORE WiS REFRESH 

CAS before RAS refreshing available on the TC514800AJ/AZ/AFr offers an alternate refresh method. If 
CAS is hold on low for the specified period (tesa) before Ra$ goes to low, on chip refresh control clock 
generations and the refresh address counter are enabled, and an internal refresh control clock generations and 
the refresh address counter are enabled, and an internal refresh operation takes place. After the refresh opeadon 
is performed, the refresh address counter is automatically incremented in preparation for the next CAS before 
RAS refresh operation. 


FAST PAGE MODE 

The “Fast Page Mode” feature of the TC514800AJ/AZyAFT allows for successive memory operations at 
multiple column locations of the same row address with increased speed without an increase in power. This is 
done by strobing the row address into the chip and maintaining the RAS signal at a logic 0 throughout all 
successive memory cycles in which the row address is common. This “Fast page Mode” of operation will not 
dissipate the power associated with the negative going edge of RAS. Also, the time required for strobing in a 
new address is eliminated, thereby decreasing the access and cycle times. 


HIDDEN REFRESH 

An optional feature of the TC514800AJ/AZ/AFT is that refresh cycles may be performed while 
maintaining valid data at the output pins. This is referred to as Hidden Rehesh. Hidden Refresh is perfomed by 
holding CAS at Vjl and taking RAS high and after a specified precharge period (tRp), executing a CAS before 
RAS refresh cycle, (see Figure below) 



MEMORY CYCLE , 

REFRESH CYCLE 

j REFRESH CYCLE , 


' 



V / 





OB 

"\ 






/ - 

VALID DATA-OUT 

“V 

1 / 01 - 1/08 — OPEN - 

\_ 

_ r 



This feature allows a refresh cycle to be “Hidden” among data cycles without affecting the data 
availability. 
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CM BEFORE RM REFRESH COUNTER TEST 

The internal refresh operation of TC514800AJ/AZ/AFT can be tested by “CAS BEFORE Ras REFRESH 
COUNTER TEST’. This cycle performs READ/WRITE operation taking internal counter address as row 
address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS cycle as initialization cycles. The test 
procedure is as follows. 

1. Write “0” into all the memory cells normal write mode. 

2. Select one certain column address and read “0” out and write “1’ in each cell be performing “CAS 
BEFORE RS5 REFRESH COUNTER TEST (READ-MODIFY-WRITE CYCLE)’’. Repeat this 
operation 1024 times. 

3. Check “1” out of 1024 bits at normal read mode , which was written at 2. 

4. Using the same column as 2., read “1” out and write “0” in each cell performing “C’AS BEFORE RaS 
REFRESH COUNTER TEST’. Repeat This operation 1024 times. 

5. Check “0” out of 1024 bits as normal read mode, which was written at 4. 

6. Perform the above 1. to 5. to the complement data. 
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524,288 WORD X 8 BIT DYNAMIC RAM 

DESCRIPTION 

The TC514800AJL/AFTL is the new generation dynamic RAM organized 524,288 word by 8 bit. The 
TC5148(X)AJL/AFrL utilizes Toshiba’s CMOS silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the system user. Multiplexed address inputs 
permit the TC5 14800AJL/AFTL to be packaged in a standard 28 pin plastic SOJ, and 28 pin plastic TSOP. The 
package size provides high system bit densities and is compatible with widely available automated testing and 
insertion equipment. System oriented features include single power supply of 5V± 10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL, 


FEATURES KEY PARAMETERS 

• 524,288 word by 8 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V+ 10% with a built- 
ion Vbb generator 

• Low Power 

578mW MAX .Operating 
(TC514800AJ/AZ/AFT-70) 

495mW Max. Operating 
TC514800AJ/AZ/AFT-80 
l.lmW Max. Standby 

• Outputs unlatched at cycle end allows two-di¬ 
mensional chip selec tion _ 

• Read -Modify-Write, Oas before RAs refresh, 

RAS-only refresh. Hidden refresh. Fast Page 
Mode capability 

• All inputs and outputs TTL compatible 

• 1024 refresh cycles/128ms 

• Package 

TC514800AJL ;SOJ28-P-400 
TC514800AFTL :TSOP28-P-400 


ITEM 

TC514800AJL/AFTL 

-70 

-80 

IraC 

Access Time 

70ns 

80ns 

^AA 

Column Address 

Access Time 

35ns 

40ns 

k:AC 

^AS Access Time 

20ns 

20ns 

^RC 

Cycle Tme 

130ns 

150ns 

tpc 

Fast Page Mode 

Cycle Time 

45 ns 

50ns 
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PIN NAME 


A0~A8 

A9R 

Address Inputs 

RSS 

Row Address 

Strobe 

CSS 

Column Address 
Strobe 

WRITE 

Read/Write Input 

OE 

Output Enable 

1/01-1/08 

Data Input/Output 

Vcc 

Power (+ 5V) 

Vss 

Ground 


PIN CONNECTION (TOP VIEW) 


Plastic SOJ 




Plastic TSOP 
(Normal Bend Type) 


VccC 

1/01 C 
1/02 C 
1/03 C 
1/04 c 
N.CC 

wRnrc 

TOC 

A9RC 

AOC 

Ate 

A2C 

A3C 

VccC 


28 

27 

26 

25 

24 

23 

22 

21 

20 


10 19 

11 18 

12 17 

13 16 


14 ISpVss 


DVss 

Dl/08 

Dl/07 

Di/06 

Di/05 

DTO 

DOf 

Dn.c 

DA8 

DA7 

DA6 

Das 

DA4 


o 

VccH 1 
1/01E 2 
I/02E 3 
I/03E 4 
I/04E 5 
N.CE 6 
WRTTCE 7 
TOE 8 
A9RE 9 
AOE 10 
aiE 11 
A2E 12 
A3E 13 
VccE 14 


28 D Vss 
27 H 1/08 
26 ]] 1/07 
25 11/06 
24 ]] 1/05 
23 I TO 
22 DO? 
21 H N.C. 
20 IA8 
19 31A7 
18 31A6 
17 31A5 
16 31 A4 
15 31 Vss 
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BLOCK DIAGRAM 


1/02 


1/04 1/06 1/08 



ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 

ViN 

— 1-7 

V 

1 

Output Voltage 


—1-7 

V 

1 

Power Supply Voltage 

^CC 

-1-7 

V 

1 

Operating Temperature 

EH 

0-70 

°c 

1 

Storage Temperature 


-55-150 

°c 

1 

Soldering Temperature • Time 


260 *10 

°C • sec 

1 

Power Dissipation 

Pd 

600 

mW 

1 

Short Circuit Output Current 

I 

OUT 

50 

mA 

1 


TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 


A-209 












































TC514800AJL/AFTI^70/80 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 



PARAMETER 

MIN. 

TYP 

MAX 

Supply Voltage 

4.5 

5.0 

5.5 

Input High Voltage 

2.4 

- 

6..5 

Input Low Voltage 

(A0~A8,A9, ESS, CSS. WRITE, DE) 

-1.0*1 

- 

0.8 

Input Low Voltage (I7C~I/09) 

-0.5*2 

- 

0.8 




NOTE 

2 

2 


2 


2 



*1 -2.5V at pulse width i 20ns 
♦2 -2.0V at pulse width S 20ns 


D.C. ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX 

UNIT 

UNIT 

I 

CCl 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRc=tRC MIN.) 

TC514800AJUAFTL-70 


105 

mA 

3,4 

5 

TC514800AJL/AFTL-80 

■ 

90 

^CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V ifj) 


2 

mA 

■ 

ICC3 

RS5 ONLY REFRESH CURRENT Average 
Power Supply Current, Only Mode 

(RAS Cycling, CAS=Vju: tRc~lRC MIN.) 

TC514800AJL/AFTL-70 

- 

105 

mA 

3,5 

TC514800AJ17AFTL-80 

" 

90 

^CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS =ViL, CAS,Address Cycling:tpc=tpcMIN.) 

TC514800AJL/AFTL-70 

- 

75 

mA 

3,4 

5 

TC514800AJL/AFTL-80 


65 

^CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V(2(;-0.2V) 


200 

mA 

■ 

^CC6 

CSS BEFORETTSS REFRESH CURRENT 

TC514800AJL/AFTL-70 

- 

105 

mA 

3 

Average Power Supply Current, CAS Before RAS 
Mode (RA$, CSS,Cycling; tRc=tpc MIN.) 

00 

8 

oo 

o 


90 

I 

CC7 

BATTERY BACK UP CURRENT 

Average Power Supply Current, Battery back up Mode 

(CAS= css Before RAS Cycling or 0.2V, DE =V cc-0.2V or 0.2V, 


300 

mA 

3.6 

Vl) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0V<Vinf^6.5V, All Other Pins Not Under Test=0V) 

-10 

10 

pA 

■ 

0(L) 

OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, OV <Vout^5.5V) 

-10 

10 

pA 

B 

VOH 

OUTPUT CURRENT 

Output “H” Level Voltage (IouT=-5niA) 

2.4 

- 

B 

B 

VoL 

OUTPUT CURRENT 

Output “L” Level Voltage (IouT=4.2mA) 

- 

0.4 

_-J 

B 

B 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (Vcc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 


TC514800AJL/AFrL 


SYMBOL 

PARAMETER 

-70 

MIN 

MAX. 

tRC 

Random Read or Write Cycle Time 

130 

- 

^RMW 

Read-Modify-Write Cycle 

185 

- 

tpc 

Fast Page Mode Cycle Time 

45 

- 

tpRMW 

Fast Page Mode Read-Modify-Write Cycle Time 

100 

- 

tRAC 

Access Time from Ras 

■ 

70 

k:AC 

Access Time from CAS 

- 

20 

^AA 

Access Time from Column Address 

- 

35 

tcPA 

Access Time from CAS Precharge 

- 

40 

k:LZ 

CAS to Output in Low-Z 

0 

- 

Iqff 

Output Buffer Turn-off Delay 

0 

20 

It 

Transition Time (Rise and Fall) 

3 

50 

tRP 

RAS Presharge Time 

50 

- 

tRAS 

RAS Pulse Width 

70 

10,000 

^RASP 

RAS Pulse Width (Fast Page Mode) 

70 

100,000 


Ras Hold Time 

20 

- 

^RHCP 

RAS Hold Time From CAS 

Precharge (Fast Page Mode) 

40 

■ 

fesH 

CAS Hold Time 

70 

- 

k:AS 

CAS Pulse Width 

20 

10,000 

^RCD 

Ras to CAS Delay Time 

20 

50 

tRAD 

RAS to Column Address Delay Time 

15 

35 

tcRP 

CAS to RAS Precharge Time 

5 

- 

tcp 

Cas Precharge Time 

10 

- 

^ASR 

Row Address Set-Up Time 

0 

- 

Irah 

Row Address Hold Time 

10 

- 

^ASC 

Column Address Set-Up Time 

0 

- 

tcAH 

Column Address Hold Time 

15 

- 


Column Address Hold Time 

55 

- 

^RAL 

Column Address To RAS Lead Time 

35 

- 

Ircs 

Read Command Set-Up Time 

0 

- 

^RCH 

Read Command Hold Time 

0 

- 

^RRH 

Read Command Hold Time referenced to RAS 

0 

- 

twCH 

Write Command Hold Time 

15 

- 

twCR 

Write Command Hold Time referenced to RAS 

55 

- 



80 10,000 


80 100,00 
0 


201 10,000 


UNIT 


ns 

ns 

ns 

ns 

ns 

ns 

ns 

- 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 



TC514800AJL/AFrL 


PARAMETER 


Write Command Pulse )Mdth 


Write Command to RAS Lead Hme 


Write Command to CAS Lead Time 


Data Set-Up Time 


Data Hold Time 


Data Hold Time referenced to RAS 


Refresh Period 


Write Command Set-Up Time 


cAS to WRITE Delay Time 


RaS to WRITE Delay Time 


Column Address to WRITE Delay Time 


CAS Precharge to WKl lb Delay Time 


CAS Set-Up Time (CAS before RAS Cycle) 


CAS Hold Time (CAS before RAS Cycle) 


RAS to CAS Precharge Tme 


CAS Precharge Time (CAS before RaS 
Counter Test Cycle) 


RAS Hold Time referenced to OE 


OE Access Time 


OE to Data Delay 


Output buffer turn off Delay Time from DE 


DE Command Hold Time 


Output Ehsable Set-Up Time 



CAPACITANCE (Vcc = 5V ± 10%, f = IMHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

Qi 

Input Capacitance (A0-A8, A9R) 

- 

5 

pF 

Ci2 

Input Capacitance (RAS, CAS, WRl lK, OE)) 

- 

7 

pF 

Co 

Input Capacitance (I/01~I/08) 

- 

7 

pF 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to 
the device. 

2. All voltages are referenced to V^s- 

3- kx:i» Icc 4 * kx:6 depend on cycle rate. 

k:ci> ^C 4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=Vjl. In case of Icc 4 . it can be changed once or less 
during a fast page mode cycle (tp^). 

^RAS (itiax.) = 1 ^ms is only applied to to refresh of battery-back up. t]^s (max.) = 10p.s is applied to 
functional opration. 

7. An initial pause of 200ps is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 Ras only refresh cycles are required. 

8. AC measurements assume t'p=5ns. 

9. VjH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between Vjh and Vjl. 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

11. toFF (max.) and Iqez (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

12. Either tK(^H or t^^j must be satisfied for a read cycle. 

13. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge 
in Read-Modify-Write cycles. 

14. twcs* 1 rwd« tcwD’ UwD IcpwD restictive operating parameters. They are included in the date 
sheet as electrical characteristics only. If t^cs ^wcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If tp^D^tnv^ (min.), 

(min.), t^wD^AWD (min.) and tcpwp^k:pwD (min.), (Fast Page Mode), the cycle is a Read- 
Modify-Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

15. Operation within the t^^Q (max.) limit insures that t]^c can be met. t^^D (max.) is specified as a 
reference point only: If t^cD 1^ greater than the specified tK^p (max.) limit, then access time is controlled 
by icAC- 

16. Operation within the tj^ (max.) limit insures that t]^^ (max.) can be met. t^AQ (max.) is specified as 
a reference point only: If Irad is greater than the specified tRAo (max.) limit, then access time is 
controlled by Iaa- 
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C55 BEFORETfSS REFRESH COUNTER TEST CYCLE 
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APPLICATION INFORMATION 


ADDRESSING 

The 19 address bits required to decode 1 of the 524,288 cell locations within the TC514800AJL/AFrL are 
multiplexed onto the 10 address inputs and latched into the on-chip address latches by externally applying two 
negative going TTL-level clocks. 

The first clock, the Row address Strobe (RAS), latches the 10 row address bits into the chip. The second 
clock, the column Address Strobe (CAS), subsequently latehes the 9 column address bits into the chip. Each of 
these signals, RAS and OaS triggers a sequence of events which are controlled by different delayed internal 
clocks. 

The two clock chains are linked together logically in such a way that the address multiplexing operation 
is done outside of the critical path timing sequence for read data access. The later events in the CAS clock 
sequence are inhibited until the occurrence of a delayed signal derived from the RAS clock chain. The “gated 
€aS” feature allows the CAS clock to be externally activated as soon as the Row Address Hold Time 
specification (t]^) has been satisfied and the address inputs have been changed from Row address to Column 
address information. 

Data Inputs 

A write cycle is performed by bringing WRITE low during the RAS/CAS operation. The falling edge of 
CAS or WRITE stobes data on I/01~I/08 into the on-chip data latch. In an early write cycle, WRITE is brought 
low prior to CAS and the data is strobed in by CAS with setup and hold times referenced to this signal. In 
delayed write or read modify write cycle, CAS will already be low, thus the data will be strobed in by WRITE 
with setup and hold times referenced to these signals. 

In delayed or read modify write, DE must be high to bring the output buffers to high impedance prior to 
impressing data on the I/O lines. 


Data Ouputs 

The three state output buffers provide direct TTL compatibility with a fan-out of standard TTL load. Data- 
out is the same polarity as data-in. The outputs are in the high-impedance state until Cas is brought low. In a 
read cycle the outputs go active after the access time interval Iraq and Iqba ^ satisfied. 

The outputs become valid after the access time has elapsed and remains valid while CAS and UE are low. 
CAS or DE going high returns it to a high impedance state. In an early-write cycle, the output are always in the 
high-impedance state. In a delayed-write or read-modify-write cycle, the outputs will follow the sequence for 
the read cycle. 

The DE controls the impedance of the output buffers. In the logic high position the buffers will remain in 
a high impedance state. 

When the DE imput is brought to a logical low level, the output buffers are enabled. Both CAS and DE 
can control the outputs. Thus in read operation, either DE or CAS returning high forces the outputs into the high 
impedance state. 
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IHS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 1024 row 
addresses (A0~A8, A9R) within each 128 millisecond time interval. Although any normal memory cycle will 
perform the refresh operation, this function is most easily accomplished “RAS-only” cycles, RAS only refresh 
results in a substantial reduction in operating power. This reduction in power is reflected in the Ices 
specification. 


CSS BEFORE R55 REFRESH 

CAS before RAS refreshing available on the TC514800AJL/AFrL offers an alternate refresh method. If 
CAS is hold on low for the specified period (tesR) before RAS goes to low, on chip refresh control clock 
generations and the refresh address counter are enabled, and an internal refresh control clock generations and 
the refresh address counter are enabled, and an internal refresh operation takes place. After the refresh opeation 
is performed, the refresh address counter is automatically incremented in preparation for the next CAS before 
RAS refresh operation. 


FAST PAGE MODE 

The “Fast Page Mode” feature of the TC514800AJL/AFTL allows for successive memory operations at 
multiple column locations of the same row address with increased speed without an increase in power. This is 
done by strobing the row address into the chip and maintaining the RAS signal at a logic 0 throughout all 
successive memory cycles in which the row address is common. This “Fast Page Mode” of operation will not 
dissipate the power associated with the negative going edge of RAS. Also, the time required for strobing in a 
new address is eliminated, thereby decreasing the access and cycle times. 


HroDEN REFRESH 


An optional feature of the TC514800AJL/AFTL is the refresh cycles may be performed while maintaining 
valid data at the output pins. This referred to as Hidden Refresh. Hidden Refresh is perfomed by holding CAS 
at VjL and taking RAS high and after a specified precharge period (tRp), executing a CAS before RAS refresh 
cycle, (see figure below) 




CSS 


l/01~l/08 — OPEN 


This feature allows a refresh cycle to be “hidden” among data cycles without affecting the data 
availability. 


MEMORY CYCLE 

REFRESH CYCLE 

^ REFRESH CYCLE , 





\ 

V y ^ 

V / 





\ 

A 






VALID DATA-OUT 


-\_ 

_A 
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css BEFORE RSS REFRESH COUNTER TEST 

The internal refresh operation of TC514800AJL/AFTL can be tested by “CAS BEFORE RAS REHIESH 
COUNTER TEST”. This cycle performs READAVRITE operation taking internal counter address as row 
address and the input address as column address. 

The test is performed after a minimum of 8 cAS before RAS cycle as initialization cycles. The test 
procedure is as follows. 

1. Write “0” into all the memory cells normal write mode. 

2. Select one certain column address and read “0” out and write “1’ in each cell be performing “CAS 
BEFORE RAS REFRESH COUNTER TEST (READ-MODIFY-WRITE CYCLE)”. Repeat this 
operation 1024 times. 

3. Check “1” out of 1024 bits at normal read mode, which was written at 2. 

4. Using the same column as 2., read “1” out and write “0” in each cell performing “CAS BEFORE RAS 
REFRESH COUNTER TEST”. Repeat This operation 1024 times. 

5. Check “0” out of 1024 bits as normal read mode, which was written at 4. 

6. Perform the above 1. to 5. to the complement data. 
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524^88 WORD X 8 BIT DYNAMIC RAM 

DESCRIPTION 

The TC514800AJLL/AFTLL is the new generation dynamic RAM organized 524,288 word by 8 bit. The 
TC514800AJLL/AFTLL utihzes Toshiba’s CMOS silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the system user. Multiplexed address inputs 
permit the TCS14800AJLL/AFTLL to be packaged in a standard 28 pin plastic SOJ, and 28 pin plastic TSOP. 
The package size provides high system bit densities and is compatible with widely available automated testing 
and insertion equipment. System oriented features include single power supply of 5V± 10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES 

• 524,288 word by 8 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% with a built- 
in VgB generator 

• Low Power 

578mW MAX .Operating 
(TC514800AJLL/AFTLL-70) 

495mW MAX. Operating 
(TC514800AJLL/AFTLL-80) 
l.lmWMAX. Standby 

• Outputs unlatched at cycle end allows two-di¬ 
mensional chip selec tion _ 

• Read -Modify-Write, CaS before RAS refresh, 
RAS-only refresh. Hidden refresh. Self Refresh 
Fast Page Mode capability 

• All inputs and outputs TTL compatible 

• 1024 refresh cycles/128ms 

• Package TC514800AJLL : SOJ28-P-400 

TC514800AFTLL : TSOP28-P-400 


KEY PARAMETERS 


ITEM 

TC514800AJLL/AFTLL 

-70 

-80 

Irac 

^^AS Access Time 

70ns 

80ns 

tAA 

Column Address 

Access Time 

35ns 

40ns 

*CAC 

^AS Access Time 

20ns 

20ns 

tRC 

Cycle Time 

130ns 

150ns 

tpc 

Fast Page Mode 

Cycle Time 

45ns 

50ns 
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PIN NAME 


A0~A8,A9R 

Address Inputs 

RSS 

Row Address Strobe 

CAS 

Column Address Strobe 

WRITE 

Read/Write Input 

DE 

Output Enable 

1/01-1/08 

Data Input/Output 

Vcc 

Power (+5V) 

Vss 

Ground 

N.C. 

No Connection 


PIN CONNECTION (TOP VIEW) 

Plastic SOJ 


Plastic TSOP 
(Normal Bend Type) 


VccC 

1 

28 

^vss vcctn 

0 

1 28 

1/01C 

2 

27 

^•^08 I/OIC 

2 27 

1/02 C 

3 

26 

3 •'07 I/02I 

3 26 

1/03 C 

4 

25 

1/030: 

4 25 

1/04 C 

5 

24 

^'^05 ,/04ir 

5 24 

N.C.C 

6 

23 

n.cd: 

6 23 

WRiTEC 

7 

22 

WRiTEO: 

7 22 

Ra5C 

8 

21 

3N.C 

8 21 

A9RC 

9 

20 

^^8 A9Rl 

9 20 

AOC 

10 19 

AOC 

10 19 

AlC 

11 

18 

3A6 aiIE 

11 18 

A2C 

12 

17 

^A5 A 2 S 

12 17 

A3C 

13 16 

3A4 A3d 

13 16 

VccC 

14 15 

VccIE 

14 15 



> 




□ Vss 


3)1/06 

31/05 

3Ca5 

3N.C 

3A8 

3A7 

3A6 

3 AS 

3A4 

3Vss 
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BLOCK DIAGRAM 


1/02 1/04 1/06 1/08 

1/01 9 1/03 9 1/05 A 1/07 A 


Vcc Vss 

? ? 


DATA IN 
BUFFERS 


DATA OUT 
BUFFERS 


N0.2 CLOCK 
CS5 <>♦ GENERATOR 


AO O*- 
A1 O*- 
A2 O^ 
A3 O*- 
A4 O*- 
AS O*- 
A6 O*- 
A7 O*- 
A8 


COLUMN 

ADDRESS 



BUFFERS (9) 


REFRESH 

TIMER 

- 1 i 


REFRESH 

CONTROLLER 

-- I 

r 

REFRESH 
COUNTER (10) 



ROW 
ADDRESS 
BUFFERS (10) 




COLUMN 

DECODER 

SENCE AMP 
I/O GATE 


dC 

— 

MEMORY 



ARRAY 

oo 

1024 

oeu 


Ul 

a 


1024x512xB 


N0.1 CLOCK 
GENERATOR 


SUBSTRATE BIAS 
GENERATOR 


ABSOLUTE MAXIMUM RATINGS 

ITEM 

Input Voltage 
Output Voltage 
Power Supply Voltage 
Operating Temperature 
Storage Temperature 
Soldering Temperature • Time 
Power Dissipation 
Short Circuit Output Current 
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RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 



PARAMETER 

MIN. 

1 

TYP 

MAX 

Supply Voltage 

4.5 

5.0 

5.5 

Input High Voltage 

mm 

- 

6.5 

Input Low Voltage 

(A0~A8, A9R, RS5, CAS, WRITE, DE) 

1 

-1.0*1 

- 

0.8 

Input LowVoltage (1/01-1/08) 

-0.5*2 

- 

0.8 


*1 -2.SV at pulse width i 20ns 
*2 -2.0V at pulse width ^ 20ns 



D.C. ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°C) 


SYMBOL 



PARAMETER 


MAX UNIT NOTE 


TC5148(X)AJLL/AFrL-70 


TC5 14800AJLL/AFrL-80 


TC514800AJLL/AFTL-70 


TC514800AJLL/AFTL-80 


TC5148(X)AJLL/AFrL-70 


TC514800AJLL/AFrL-80 


TC514800AJLL/AFrL-70 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: tRc=tRc MIN) 


STANDBY CURRENT 
Power Supply Standby Current 
(ras=CAS=v jjj) 


RAS ONLY REFRESH CURRENT 
Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=Vju: tRc=tR(^ MIN.) 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(RAS =VjL, CAS, Address Cycling; tpc=tpc MIN.) 


STANDBY CURRENT 
Power Supply Standby Current 
(RS5=CS5=Vcc-0.2V) 


CSS BEFORETISS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS ITC5148(X)AJLL/AFTL-80 
Mode (RAS, CAS, Cycling: tRc=tRc MIN.) 


BATTERY BACK UP CURRENT 
Average Power Suuply Current, Battery Back Up Mode 
(RAS=CAS Before RAS Cycling or 0.2V, DE=Vcc-0.2V or 0.2V 
WRITE =Vcc-0.2V or 0.2V, A0~A8, A9R=Vcc-0.2V or 0.2V, 
I/O~I/O8=Vcc-0.2V, 0.2V or OPEN:tRc=125ps, tRAs=tRAs MIN- 


SELF REFRESH CURRENT 
Average Power Supply Current, Self Refresh Mode 
(KS5=CS5 =Vil, WRri'E=Vcc-0.2V or 0.2V, DE=Vcc-0.2V or 0.2V 
A0~8=Vcc-0.2V or 0.2V, I/Ol~8=Vcc-0.2V, 0.2V or OPEN 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V^IN^.5V, All Other Pins Not Under Test=OV) 


OUTPUT LEAKAGE CURRENT 
(Dour is disabled, (OV^oUT^-5V), 


OUTPUT LEVEL 

Output “H” Level Voltage (louT=-5niA) 


OUTPUT LEVEL 

Output “L” Level Voltage (louT=4.2mA) 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING CONDITION! 
(Vcc = 5V ± 10%, Ta = 0~70°C)(Notes 7,8,9) 



TC514800AJLL/AFrLL 


PARAMETER 


Random Read or Write Cycle Time 


Read-Modify-Write Cycle 


Fast Page Mode Cycle Time 


Fast Page Mode Read-Modify-Write 
Cycle Time 


Access Time from RAS 


Access Time from Cas 


Access Time from Column Address 


Access Time from CAS Precharge 


CAS to Output in Low-Z 


Output Buffer Turn-off Delay 


Transition Time (Rise and Fall) 


RAS Presharge Time 


RAS Pulse Width 


RAS Pulse AVidth (Fast Page Mode) 


RAS Hold Time 


RAS Hold Time From Cas 
P recharge (Fast Page Mode) 


CAS Hold Time 


CAS Pulse Width 


RAS to CAS Delay Time 


RAS to Column Address Delay Time 


CAS to Ras Precharge Time 


CAS Precharge Time 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Column Address Hold Time referenced to 
RS5 


Column Address To Ras Lead Time 


Read Command Set-Up Time 


Read Command Hold Time 


Read Command Hold Time referenced to 
RS5 


Write Command Hold Time 




TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


A-233 
































































































































































































TC514800AJLL/AFTLL-70/80 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 


TC514400AJLLyAFTLL 


SYMBOL 

PARAMETER 

^WCR 

Write Command Hold Time refer¬ 
enced raS 

W 

Write Command Pulse Wdth 

^RWL 

Write Command to RAS Lead Time 

k:wL 

Write Command to CAS Lead Time 

tos 

Data Set-Up Time 

*DH 

Data Hold Time 

^DHR 

Data Hold Time referenced to RAS 

tREF 

Refresh Period 

twcs 

Write Command Set-Up Time 

k:wD 

cAS to WRITE Delay Time 

tRWD 

RAS to Wki'IE Delay Time 

UWD 

Column Address to WRITE Delay 
Time 

tcPWD 

CAS Precharge to WRl l b Delay 
Time 

k:sR 

CAS Set-up Time 
(CAS before RAS Cycle) 

k:HR 

CAS Hold Time 
(CAS before RAS Cycle) 

^RPC 

rAS to CAS Precharge Time 

tcPT 

CAS Precharge Time 

(CAS before RAS Counter Test 

Cycle 

^ROH 

RAS Hold Time referenced to DE 

k)EA 

DE Access Time 

toED 

DE to Data Delay 

*OEZ 

Output buffer turn off Delay Time 
fromDE 

*OEH 

DE Command Hold Time 

k)DS 

Output Disable Set-Up Time 

tRASS 

rAS Pulse >^dth (CAS before RAS 
Self Refresh) 

^RPS 

RAS Precharge Time (CAS before 
RAS Self Refresh) 

k:Hs 

CAS Hold time (CAS before rAS 
Self Refresh) 
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CAPACITANCE (Vcc = 5V ± 10%, f= IMHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

Qi 

Input Capacitance (A0~A8, A9R) 

- 

5 

pF 

Cl2 

Input Capacitance (Ras, Cas, WRITE, DE) 

- 

7 

pF 

Co 

Input/Output Capacitance (I/01~I/08) 

- 

7 

pF 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to 
the device. 

2. All voltages are referenced to Vss. 

3- Icci* Icc 3 > Icc 4 . Icc6 depend on cycle rate. 

4. Icci. Icc 4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while Ras=Vil. In case of Icc 4 . it can be changed once or less 
during a fast page mode cycle (tp^). 

6- tRAs(niax.)=l|4,s is only applied to refresh of battery-back up. tRAs(''tiax.)=10ps is applied to functional 
operating. 

7. An initial pause of 2(X)ps is required after pwoer-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead 8 RAS only refresh cycles are required. 

8. AC measurements assume tx=5ns. 

9. ViH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between Vm and Vil. 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

11. toFF (max.) and topz (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

12. Either tpcH or must be satisfied for a read cycle. 

13. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge 
in Read-Modify-Write cycles. 

14. twcs> 1 rwd» 1cwd> Uwd ^<1 icPWD ^ restictive operating parameters. They are included in the date 

sheet as electrical characteristics only. If %cs >twcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If Irwd^Irwd (min.), 
tcwD^lcwD (min.), tAWD>tAWD (min.) and tcpwp>tcPWD (min.), (Fast Page Mode), the cycle is a Read- 
Modify-Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

15. Operation within the tpcD (max.) limit insures that tp^c oan be met. tpcD (max.) is specified as a 
reference point only: If tj^^Q is greater than the specified tKC£> (max.) limit, then access time is controlled 
I’y icAC- 

16. Operation within the tR^D (max.) limit insures that tR^c (max.) can be met. tR^D (max.) is specified as 
a reference point only: If Irad is greater than the specified tRAo (max.) limit, then access time is 
controlled by tAA- 
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FAST PAGE MODE READ CYCLE 
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FAST PAGE MODE WRITE CYCLE 



Not*: Oqut * OPEN 


'H* or “L* 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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HIDDEN REFRESH CYCLE (WRITE) 

1,^_iBS_».l.,_lS£. 
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2,097,152 WORD X 8 BIT DYNAMIC RAM 

DESCRIPTION 

The TC5117800A series is the new generation dynamic RAM organized 2,097,152 word by 8 bit. The 
TC5117800A series utilizes Toshiba’s CMOS silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the system user. 

Multiplexed address inputs permit the TC5117800A to be packaged in 28 pin plastic SOJ, and 28 pin 
plastic TSOP. The package size provides high system bit densities and is compatible with widely available 
automated testing and insertion equipment. System oriented features include single power supply of SVd: 10% 
tolerance, direct interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES 

• 2,097,152 word by 8 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% with a built- 
in Vbb generator 

• Low Power 

633mW MAX .Operating 
(60ns Version) 

523mW MAX. Operating 
(70ns Version) 

440mW MAX. Operating 
(80ns Version) 

5.5mWMAX. Standby 

• Outputs unlatched at cycle end allows two-di¬ 
mensional chip selec tion _ 

• Read -Modify-Write, CAS before RAS refresh, 
RAS-only refresh. Hidden refresh. Fast Page 
Mode and Test Mode capability 

• All inputs and outputs TTL compatible 

• 2048 refresh cycles/32ms 

• Package 

TC5117800ANJ ; SOJ28-P-400C 
TC5117800ANT ; TSOP28-P-400 


KEY PARAMETERS 



ITEM 

TC5117800ANJ/ANT 


-60 

-70 

-80 

tRAC 

Access Time 

60ns 

70ns 

80ns 

^AA 

Column Address 

Access Tune 

30ns 

35ns 

40ns 

k:AC 

Access Time 

15ns 

20ns 

20ns 

^RC 

Cycle Time 

110ns 

130ns 

150ns 

tpc 

Fast Page Mode 

Cycle Tune 

40ns 

45ns 

50ns 
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PIN NAME 


A0~A10 

Address Inputs 

RS5 

Row Address Strobe 


Column Address Strobe 

WRITE 

Read/Write Input 

DE 

Output Enable 

I/01~/I08 

Data Input/Output 

^cc 

Power (+ 5V) 

^ss 

Ground 

N.C. 

No Connection 


PIN CONNECTION (TOP VIEW) 

TC5117800ANJ 


VeeC 

1 

28 


WJlC 

2 

27 

3i«)8 

l«)2C 

3 

26 

3 1/07 

rosE 

4 

25 

31/06 

1/04 Q 

5 

24 

]l/05 

WRITeE 

6 

23 

30S5 

JCS5C 

7 

22 

doe 

N.c[; 

8 

21 

3a9 

aior(2 

9 

20 

3a8 

aoQ 

10 

19 

3A7 

AlC 

11 

18 

3a6 

A2C 

12 

17 

3 AS 

ASH 

13 

15 

]A4 

VccC 

14 

16 

3v$s 


TC5117800ANT 


VccC 1 

1/01 C 2 
1/02 CZ 3 
1/03 C 4 
1/04 C 5 
WRITE Cl 6 
Ras CZ 7 
N.C C 8 
A10R CZ 9 
AOC 10 
A1 C 11 

A2CZ 12 
A3C 13 
Vcc Cl 14 


24 

23 

22 

21 

20 

19 

18 

17 

16 

15 


28 ZlVss 
27 Z3 U08 
26 □ 1/07 
25 Z) 1/06 
Z3I/05 

□ TO 

□ EJE 

□ a9 

□ a8 

□ A7 

□ a6 

□ a5 

□ a4 

□ Vss 
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TC5117800ANJ/ANT-60/70/80 


BLOCK DIAGRAM 


1/02 1/04 


1/06 


1/08 



ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 


— 0.5~Vcc + 0.5 

V 

1 

Output Voltage 

Vqut 

— 0.5-Vcc + 0.5 

V 

1 

Power Supply Voltage 

Vcc 

— 0.5~7.0 

V 

1 

Operating Temperature 


0~70 


1 

Storage Temperature 


— 55-150 

°C 

1 

Soldering Temperature • Time 


260* 10 

°C • sec 

1 

Power Dissipation 

Pd 

900 

mW 

1 

Short Circuit Output Current 

I 

OUT 

50 

mA 

1 
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TC5117800ANJ/ANT -60/70/80 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0-70°C)) 


SYMBOL 

PARAMETER 

MIN. 

TYP 

MAX 

UNIT 

NOTE 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

Vffl 

Input High Voltage 

2.4 

— 

Vcc+0.5* 

V 

2 

ViL 

Input Low Voltage 

—0.5** 

— 

0.8 

V 

2 


* '^cc + 2.0V at pulse width S20ns. (pulse width is measured at Vcc) 
’*‘*-2.0V at pulse width ^Ons. (pulse width is measured at OV) 


D.C. ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°C) 


SYMBOL 

PARAMETER 


MAX 

UNIT 

NOTES 

^CCl 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRc=tRc MIN.) 

-60 

- 

115 

mA 

3,4 

5 

-70 

- 

95 

-80 

- 

80 

I 

CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V jjj) 

■ 

2 

mA 


^CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=Vjjj: tRc;=tR(^ MIN.) 

-60 

- 

115 

mA 

3,5 

-70 

- 

95 

-80 

- 

80 

I 

CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS =Vil, CAS, Address Cycling: tpc=tpc MIN.) 

-60 

- 

75 

mA 

3,4 

5 

-70 

- 

65 

-80 

- 

55 

^CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RA5=CAS=Vcc-0.2V) 

■ 

1 

mA 

■ 

^CC6 

CAS BEFORETJAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS, Cycling: tRc=tRC MIN.) 

-60 

- 

115 

mA 

3,5 

-70 

- 

95 

-80 

- 

80 

I 

I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(OV^IN<0.5V, All Other Pins Not Under Test=OV) 

-10 

10 

pA 

■ 

^O(L) 

OUTPUT LEAKAGE CURRENT 
(Dour is disabled, (OV<Vout55.5V), 

-10 

10 

pA 


VOH 

OUTPUT LEVEL 

Output “H” Level Voltage (louT=-5inA) 

2.4 


D 



OUTPUT LEVEL 

Output “L” Level Voltage (louT=4.2niA) 

- 

0.4 

D 
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TC51178()0ANJ/ANT-60/70/80 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 


I 

SYMBOL 

CHARACTERISTIC 

twp 

Write Command Pulse Width 

tRWL 

Write Command to RAS Lead Time 

tcWL 

Write Command to CAS Lead Time 

^DS 

Data Set-Up Time 

^DH 

Data Hold Time 

tREF 

Refresh Period 

twcs 

Write Command Set-Up Time 

tcWD 

CAS to Wri rt Delay Time 

tRWD 

Ras to WRl'l'E Delay Time 

tAWD 

Column Address to WRI TE Delay 
Time 

k:PWD 

CAS Precharge to WRilE Delay 
Time 

k:sR 

CAS Set-up Time 
(CAS before RAS Cycle) 

k:HR 

CaS Hold Time 
(CAS before Ras Cycle) 

*RPC 

RAS to CAS Precharge Time 

k:PT 

CAS Precharge Time 

(CAS before RAS Counter Test 

Cycle) 

tROH 

Ras Hold Time referenced to DE 

k)EA 

DE Access Time 

k)ED 

DE to Data Delay 

k)EZ 

Output buffer turn off Delay Time 
fromDE 

k)EH 

DE Command Hold Time 

k)DS 

Output Disable Set-up Time 

twTS 

Write Command Set-up Time 
(Test Mode In) 

twTH 

Write Command Hold Time 
(Test Mode In) 

twRP 

WRI TE to Ras Precharge Time 
(CAS before RAS Cycle) 

twRH 

Write to RAS Hold Time 
(CAS before RAS Cycle) 

I__ 
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TC5117800ANJ/ANT -60/70/80 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS IN THE TEST MODE 


SYMBOL 

PARAMETER 

TC5117800AJ/ANJ/AZ/ANZ/AFT/ANT/ATR/ANR 

UNIT 

NOTE 

-60 

-70 

-80 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

^RC 

Random Read or Write Cycle Time 

115 

- 

135 

- 

155 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

45 

- 

50 

- 

55 

- 

ns 


^RAC 

Access Time fiom RAS 

- 

65 

- 

75 

- 

85 

ns 

9,14,15 

k:Ac 

Access Time from CAS 

- 

20 

- 

25 

- 

25 

ns 

9,14 

^AA 

Access Time from Column Address 

- 

35 

- 

40 

- 

45 

ns 

9,15 

k:PA 

Access Time from CAS Precharge 

- 

40 

- 

45 

- 

50 

ns 

9 

tRAS 

RSS Pulse Width 

65 

10,000 

75 

10,000 

85 

10,000 

ns 


^RASP 

RAS Pulse Width (Fast Page 

Mode) 

65 

200,000 

75 

200,000 

85 

200,000 

ns 


^RSH 

RAS Hold Time 

20 

- 

25 

- 

25 

- 

ns 


*CSH 

CAS Hold Time 

65 

- 

75 

- 

85 

- 

ns 


tRHCP 

CAS Precharge to rAS Hold Time 

40 

• 

45 

- 

50 

- 

ns 


k:AS 

CSS Pulse Width 

20 

10,000 

25 

10,000 

25 

10,000 

ns 


^RAL 

Column Address to RAS Lead 

Time 

35 

■ 

40 

■ 

45 

■ 

ns 

■ 


CAPACITANCE (Vcc = 5V ± 10%, f = IMHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 


Input Capacitance (A0~A10) 

- 

5 

pF 

Ci2 

Input Capacitance (RAS, CAS, WKl lE, OE) 

- 

7 

pF 

Co 

Input/Output Capacitance (1/01-1/08) 

- 

7 

pF 
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TC5117800ANJ/ANTW70/80 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (Vcc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 
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TC5117800ANJ/ANT -60/70/80 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to 
the device. 

2. All voltages are referenced to Vss- 

3- Icci - Icc 3 * Icc 4 . Icc6 depend on cycle rate. 

4- Icci> Icc 4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed once or less while ftAS=ViL. In case of Icc 4 . it can be changed once or less 
during a fast page mode cycle (tPC). 

6. An initial pause of 200|is is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 Cas 
before RaS refresh cycles instead of 8 RaS only refresh cycles are required. 

7. AC measurements assume tT=5ns. 

8. VjH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between Vyj and Vjl. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (ntax.) and toEz (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

11. Either tj^^jj or tjyy^ must be satisfied for a read cycle. 

12. These parameters are referenced to CaS leading edge in early write cycles and to WRITE leading edge 
in Read-Modify-Write cycles. 

13 • twcS’ tRWD’ icwD' Iawd tcpwD m’c not restictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If Vcs-^wcs (min.), the cycle is an early write cycle and the data 
out pin will remain open circuit (high impedance) through the entire cycle; If tR^^rt^tRWD (min.), 
tcwD^kwD (min.), tAwo^AWO (min.) and tcpwi^tcpWD (min.) (Fast Page Mode), the cycle is a Read- 
Modify-Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the tj^co (max.) limit insures that tj^^c can be met tj^^D (max.) is specified as a 
reference point only: If Ircd is greater than the specified tRco (max.) limit, then access time is controlled 
by tcAC- 

15. Operation within the tR^c (max.) limit insures that tR^c (max.) can be met. tR^o (max.) is specified as 
a reference point only: If tR^o is greater than the specified tj^^p (max.) limit, then access time is 
controlled by t^A- 
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TC5117800ANJ/ANT-60/70/80 


READ CYCLE 




cs 


A0~A9 


A10R 


WRlTf 




1/01 

- 1/08 


Note; 0|N>OPEN 


*H* or 'L' 
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TC5117800ANJ/ANT -60/70/80 


WRITE CYCLE (EARLY WRITE) 



Not* :OouT- OPEN 



*H* or *L' 
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READ-MODIFY-WRITE CYCLE 



or -L- 
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A-OCO 
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FAST PAGE MODE WRITE CYCLE 



Not*: Dour -OPEN 


A.9Rn 
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TC5117800ANJ/ANT -60/70/80 


R5S ONLY REFRESH CYCLE 


lOS 


ViH 

V|L 


OS 


ViH 

V.L 


A0-A9, V|H 
A10R V,, 



Not«: WRITE, ?JE, or "L* 

Dout ■ OPEN 
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WRITE, CSS BEFORE R55 REFRESH CYCLE 


tRC 



READ CYCLE IN THE TEST MODE 



Nott : GEs'L', Din^OPEN 


*H' or “L" 
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WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 



Not* : 1/02-1/08-'H* or 'L' , 0 out=OPEN 


: 'H* or *L' 
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FAST PAGE MODE READ CYCLE IN THE TEST MODE 


m 




A0~A8 


A9,A10R 


WRITE 


1/01 


VOS 



Nott ; 0E='L', Din=OPEN 
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TEST MODE 

The TC5117800AJ/ANJ/AZ/ANZ/AFT/ANT/ATR/ANR is the RAM organized 2,097,152 words by8 
bits; it is internally organized 1,048,576 words by 16 bits. In ‘Test Mode”, data are written into 16 sectors in 
parallel by using only I/Ol. A9C is not used. If, upon reading, 16 bits are equal (all “l”s or ‘‘0”s), the 1/08 pin 
indicates a “1”. 

If they were not equal, the 1/08 pin would indicate a “0”. Other I/O pins (I/01~I/07) always indicate a “1” 
during test mode read cycle. Fig. 1 shows the block diagram of TC5117800AJ/ANJ/AZ/AN27AFT/ANT/ATR/ 
ANR. In ‘Test Mode”, the 2MX8 DRAM can be tested as if it were a 1MX16 DRAM. 

“WRITE, CAS Before RAS Refresh Cycle” puts the device into ‘Test Mode”. And “CAS Before rAS 
Refresh Cycle” or RAS Only Reftesh Cycle” puts it back into “Normal Mode”. In the Test Mode, “WRITE, 
CAS Before RAS Refresh Cycle” performs the refresh operation with the internal refresh address counter. The 
‘Test Mode” function reduces test times (1/2 in case of N test pattern). 

BLOCK DIAGRAM IN THE TEST MODE 



Figure 1 
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524,288 WORD X 9 BIT DYNAMIC RAM 

DESCRIPTION 

The TC514900AJ/AFr is the new generation dynamic RAM organized 524,288 word by 9 bit. The 
TC514900AJ/AFT utilizes Toshiba’s CMOS silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the system user. Multiplexed address inputs 
permit the TC514900AJ/AFT to be packaged in a standard 28 pin plastic SOJ, and 28 pin plastic TSOP. The 
package size provides high system bit densities and is compatible with widely available automated testing and 
insertion equipment. System oriented features include single power supply of 5V± 10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES KEY PARAMETERS 

• 524,288 word by 9 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% with a built- 
in VgB generator 

• Low Power 

633mW MAX .Operating 
(TC514900AJ/AFT-70) 

550mW MAX. Operating 
(TC514900AJ/AFT-80) 

5.5mW MAX. Standby 

• Outputs unlatched at cycle end allows two-di¬ 
mensional chip selec tion _ 

• Read -Modify-Write, CAS before RAS refresh, 

RAS-only refresh. Hidden refresh. Fast Page 
Mode and Test Mode capability 

• All inputs and outputs TTT. compatible 

• 1024 refresh cycles/16ms 

• Package TC514900AJ : SOJ28-P-400 

TC514900AFT: TSOP28-P-400 



ITEM 

TC514900AJ/ 

AFT 



-70 

-80 

^RAC 

^^AS Access Time 

70ns 

80ns 

^AA 

Column Address 

Access Time 

35ns 

40ns 

k:AC 

Access Time 

20ns 

20ns 

tRC 

Cycle Time 

130ns 

150ns 

tpc 

Fast Page Mode 

Cycle Time 

45ns 

50ns 
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TC514900AJ/AFT-70/80 


PIN NAME 


A0~A8,A9R 

Address Inputs 

RS5 

Row Address Strobe 

CSS 

Column Address Strobe 

WRITE 

Read/Write Input 

DE 

Output Enable 

1/01-1/09 

Data Input/Output 

Vcc 

Power (+5V) 

Vss 

Ground 

N.C. 

No Connection 


PIN CONNECTION (TOP VIEW) 
Plastic SOJ 


Plastic TSOP 
(Normal Bend Type) 


VccC 

'O- 

1 

28 

3 Vss 

vcco: 

o 

1 

28 

1 / 01 C 

2 

27 

Di/09 

1/01 n: 

2 

27 

1/02 C 

3 

26 

Di/08 

I/02C 

3 

26 

1/03 C 

4 

25 

Di/07 

I/O30: 

4 

25 

1/04 C 

5 

24 

Di/06 

1/040; 

5 

24 

1/05 C 

6 

23 

im 

1/050: 

6 

23 

WRiTEC 

7 

22 

DUE 

WPuTEO; 

7 

22 

mz 

8 

21 

Dn.c. 

RaSIE 

8 

21 

A9RC 

9 

20 

DA8 

a9ro: 

9 

20 

AOC 

10 

19 

DA7 

Aoo: 

10 

19 

AlC 

11 

18 

DA6 

Aio: 

11 

18 

A2C 

12 

17 

DA5 

A21E 

12 

17 

A3C 

13 

16 

DA4 

A3o; 

13 

16 

VccC 

14 

15 

3 Vss 

vcco: 

14 

15 


's _ 

_/ 






IlVss 
Ui/09 
11/08 
11/07 
11/06 
iro 
IQf 
IN.C. 
lA8 
1A7 
lA6 
lAS 
1 A4 
31Vss 
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TC514900AJ/AFT-70/80 


BLOCK DIAGRAM 


1/02 1/04 1/06 1/08 



ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 

ViN 

— 1~7 

V 

1 

Output Voltage 

^OUT 

— 1-1 

V 

1 

Power Supply Voltage 

^CC 

— 1~7 

V 

1 

Operating Temperature 

Tqpr 

0~70 

°c 

1 

Storage Temperature 


-55-150 

°c 

1 

Soldering Temperature • Time 


260 • 10 

°C • sec 

1 

Power Dissipation 

Pd 

700 

mW 

1 

Short Circuit Output Current 

I 

OUT 

50 

mA 

1 
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TC514900AJ/AFT-70/80 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP 

MAX 

UNIT 

NOTE 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

ViH 

Input High Voltage 

Bi 

- 

6..5 

V 

2 

l|HH 

Input Low Voltage 

(A0~A8,A9, RS5, CAS, WRITE, DE) 

-1.0*1 

- 

0.8 

B 

2 

ViL 

Input Low Voltage (I7D~I/09) 

-0.5*2 

- 

0.8 

V 

2 


*1 -2.5V at pulse width < 20ns 
*2 -2.0V at pulse width < 20ns 


D.C. ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX 

UNIT 

NOTE 

^CCl 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RaS, CAS, Address Cycling; tRc=tRc MIN.) 

TC514900AJ/AFT-70 

- 

115 

mA 

3,4 

5 

TC514900AJ/AFT-80 


100 

I 

CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V j jj) 


2 

mA 

■ 

k:c3 

RS5 ONLY REFRESH CURRENT Average 
Power Supply Current, Only Mode 

(RAS Cycling, CAS=V£j|: tRc~lRC MIN.) 

TC514900AJ/AFT-70 

- 

115 

mA 

3,5 

TC514900AJ/AFT-80 

• 

100 

^CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS =Vil, CAS,Address Cycling:tpc=tpcMIN.) 

TC514900AJ/AFT-70 

- 

80 

mA 

3,4 

5 

TC514900AJ/AFT-80 

* 

70 

^CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V cC"0‘ 2^) 


1 

mA 

■ 

I 

CC6 

css BEFORETIAS REFRESH CURRENT 

TC514900AJ/AFT-70 

- 

115 

mA 

3 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS,Cycling: tRC=tpc MIN.) 

TC5149(X)AJ/AFT-80 

* 

100 

I 

I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V<Vin< 6.5 V, All Other Pins Not Under Test=0V) 

-10 

10 

pA 

■ 

0(L) 

OUTPUT LEAKAGE CURRENT 
(Dour is disabled, OV <Vout^5.5V) 

-10 

10 

pA 

B 

VOH 

OUTPUT CURRENT 

Output “H” Level Voltage (IouT=-5mA) 

2.4 

■ 

■ 

B 

VoL 

OUTPUT CURRENT 

Output “L” Level Voltage (Iout=4.2niA) 

- 

0.4 

B 

B, 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (Vcc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 
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TC514900AJ/AFT-70/80 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 


SYMBOL 

PARAMETER 

twp 

Write Command Pulse Width 

tRWL 

Write Command to RAS Lead Time 

tcWL 

Write Command to CAS Lead Time 

^DS 

Data Set-Up Time 

toH 

Data Hold Time 

toHR 

Data Hold Time referenced to RAS 

tREF 

Refresh Period 

twcs 

Write Command Set-Up Time 

tcWD 

CAS to WKllE Delay Time 

^RWD 

RAS to WRI TE Delay Time 

UWD 

Column Address to WKTI E Delay Time 

k:PWD 

CAS Precharge to wRl'l E Delay Time 

tcSR 

CAS Set-Up Time (CAS before RAS Cycle) 

k:HR 

Cas Hold Time (CAS before RAS Cycle) 

tRPC 

RAS to CAS Precharge Time 

k:PT 

CAs Precharge Time (CAS before RAS 
Counter Test Cycle) 

tROH 

RAS Hold Time referenced to OE 

k)EA 

UE Access Time 

k)ED 

DE to Data Delay 

toEZ 

Output buffer turn off Delay Time from DE 

k)EH 

DE Command Hold Time 

k)DS 

Output Disable Set-Up Time 


TC514273BJ 



CAPACITANCE (Vcc = 5V ± 10%, f= IMHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

Cji 

Input Capacitance (A0~A8, A9R) 

- 

5 

pF 

Ci2 

Input Capacitance (RAS, CAS, Wkhe, Oe)) 

- 

7 

pF 

Co 

Input Capacitance (I/01~I/09) 

- 

7 

pF 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to 
the device. 

2. All voltages are referenced to Vss- 

3- Iccb Icc 3 - Icc 4 . Icc 6 depend on cycle rate. 

4. Icci. Icc 4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=Vjl. In case of 1 ^ 04 , it can be changed once or less 
during a fast page mode cycle (tp^). 

6 . An initial pause of 200ps is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tT=5ns. 

8 . VjH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between and Vjl. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10 . toFF (max.) and toEz (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

11. Either tpcH or tium ”rost be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge 
in Read-Modify-Write cycles. 

13. twcs> 1 rwd> IcwD’ Iawd ®od tcpwD ^0 oot restictive operating parameters. They are included in the date 
sheet as electrical characteristics only. If %cs -Iwcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If Ir^d-Irwo (min.), 
tcwD-lcwD (min.), t^wD-lAWD (min.) and tcpwp^pwD (min.), (Fast Page Mode), the cycle is a Read- 
Modify-Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the tpco (max.) limit insures that tp^c oan be met. tpcp (max.) is specified as a 
reference point only: If tpco 1® greater than the specified t^co (max.) limit, then access time is controlled 
I’y icAC- 

15. Operation within the tR^o (max.) limit insures that tR^c (max.) can be met. tR^o (max.) is specified as 
a reference point only: If Iraq is greater than the specified tR^o (max.) limit, then access time is 
controlled by t^A- 
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READ CYCLE 



Note: Din = OPEN : *H* or 'L' 


A-278 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 









TC514900AJ/AFT-70/80 


WRITE CYCLE (EARLY WRITE) 



Note: Dout = OPEN ^ 
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READ-MODIFY-WRITE CYCLE 
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FAST PAGE MODE READ CYCLE 
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FAST PAGE MODE WRITE CYCLE 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 



A.PRil 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 










TC514900AJ/AFT-70/80 










TC514900AJ/AFT-70/80 



A-286 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 





TC514900AJ/AFT-70/80 


lODDEN REFRESH CYCLE (WRITE) 
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css BEFORETtSS REFRESH COXWTER TEST CYCLE 
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APPLICATION INFORMATION 


ADDRESSING 

The 19 address bits required to decode 1 of the 524,288 cell locations within the TC514900AJ/AFT are 
multiplexed onto the 10 address inputs and latched into the on-chip address latches by externally applying two 
negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RaS), latches the 10 row address bits into the chip. The second 
clock, the Column Address Strobe (CAS), subsequently latches the 9 column address bits into the chip. Each of 
these signals, RAS and CAS triggers a sequence of events which are controlled by different delayed internal 
clocks. 

The two clock chains are linked together logically in such a way that the address multiplexing operation 
is done outside of the critical path timing sequence for read data access. The later events in the CAS clock 
sequence are inhibited until the occurrence of a delayed signal derived from the Ras clock chain. The “gated 
Cas” feature allows the CAS clock to be externally activated as soon as the Row Address Hold Time 
specification (ts;^) has been satisfied and the address inputs have been changed from Row address to Column 
address information. 

Data Inputs 

A write cycle is performed by bringing WRITE low during the RAS/CAS operation. The falling edge of 
CAs or WRITE stobes data on I/01~I/09 into the on-chip data latch. In an early write cycle, WRITE is brought 
low prior to CAS and the data is strobed in by CAS with setup and hold times referenced to this signal. In 
delayed write or read modify write cycle, CAS will already be low, thus the data will be strobed in by WRITE 
with setup and hold times referenced to these signals. 

In delayed or read modify write, DE must be high to bring the output buffers to high impedance prior to 
impressing data on the I/O lines. 


Data Ouputs 

The three state output buffers provide direct TTL compatibility with a fan-out of standard TTL load. Data- 
out is the same polarity as data-in. The outputs are in the high-impedance state until CAS is brought low. In a 
read cycle the outputs go active after the access time interval Irac k)EA satisfied. 

The outputs become valid after the access time has elapsed and remains valid while CAS and DE are low. 
CAS or DE going high returns it to a high impedance state. In an early-write cycle, the output are always in the 
high-impedance state. In a delayed-write or read-modify-write cycle, the outputs will follow the sequence for 
the read cycle. 

The DE controls the impedance of the output buffers. In the logic high position the buffers will remain in 
a high impedance state. 

When the DE imput is brought to a logical low level, the output buffers are enabled. Both CAS and DE 
can control the outputs. Thus in read operation, either DE or CAS returning high forces the outputs into the high 
impedance state. 
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R5S ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 1024 row 
addresses (A0~A8, A9R) within each 16 millisecond time interval. Although any normal memory cycle will 
perform the refresh operation, this function is most easily accomplished “RAS-only” cycles, RAS only refresh 
results in a substantial reduction in operating power. This reduction in power is reflected in the 
specification. 


CSS BEFORE R55 REFRESH 

CAS before RAS refreshing available on the TC514900AJ/AFT offers an alternate refresh method. If CAS 
is hold on low for the specified period (t^sR) before RAS goes to low, on chip refresh control clock generations 
and the refresh address counter are enabled, and an internal refresh control clock generations and the refresh 
address counter are enabled, and an internal refresh operation takes place. After the refresh opeation is 
performed, the refresh address counter is automatically incremented in preparation for the next CAS before RAS 
refresh operation. 


FAST PAGE MODE 

The “Fast Page Mode” feature of the TC514900AJ/AFT allows for successive memory operations at 
multiple column locations of the same row address with increased speed without an increase in power. This is 
done by strobing the row address into the chip and maintaining the RAS signal at a logic 0 throughout all 
successive memory cycles in which the row address is common. This “Fast page Mode” of operation will not 
dissipate the power associated with the negative going edge of RAS. Also, the time required for strobing in a 
new address is eliminated, thereby decreasing the access and cycle times. 


HIDDEN REFRESH 


An optional feature of the TC514900AJ/AFT is the refresh cycles may be performed while maintaining 
valid data at the output pins. This referred to as Hidden Refresh. Hidden Refresh is perfomed by holding CAS 
at VjL and taking RAS high and after a specified precharge period (t^p), executing a CAS before RAS refresh 
cycle, (see figure below) 



MEMORY CYCLE 

REFRESH CYCLE 

j REFRESH CYCLE , 





-s 



V _/ 






■A 

J~ 





/ - 

VALID DATA-OUT 

s_ 


\ 

r 






This feature allows a refresh cycle to be 
availability. 


‘Hidden” among data cycles without affecting the data 
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css BEFORE R5S REFRESH COUNTER TEST 

The internal refresh operation of TC514900AJ/AFr can be tested by “CAS BEFORE RAS REFRESH 
COUNTER TEST’. This cycle performs READ/WRITE operation taking internal counter address as row 
address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS cycle as initialization cycles. The test 
procedure is as follows. 

1. Write “0” into all the memory cells normal write mode. 

2. Select one certain column address and read “0” out and write “1’ in each cell be performing “CAS 

BEFORE RSS REFRESH COUNTER TEST (READ-MODIFY-WRITE CYCLE)’’. Repeat this 
operation 1024 times. 

3. Check “1” out of 1024 bits at normal read mode, which was written at 2. 

4. Using the same colunm as 2., read “1” out and write “0” in each cell performing “CAS BEFORE RAS 

REFRESH COUNTER TEST’. Repeat This operation 1024 times. 

5. Check “0” out of 1024 bits as normal read mode, which was written at 4. 

6. Perform the above 1. to 5. to the complement data. 


TOSHIRA AMERICA ELECTRONIC COMPONENT.^ INC 


A.OQ1 





rOSHIBA 


TC514900AIL-70/80 


524^88 WORD X 9 BIT DYNAMIC RAM 

DESCRIPTION 

The TC514900AJL is the new generation dynamic RAM organized 524,288 word by 9 bit. The 
TC514900AIL utilizes Toshiba’s CMOS silicon gate process technology as well as advanced circuit techniques 
to provide wide operating margins, both internally and to the system user. Multiplexed address inputs permit the 
TC514900AJL to be packaged in a standard 28 pin plastic SOJ. The package size provides high system bit 
densities and is compatible with widely available automated testing and insertion equipment. System oriented 
features include single power supply of 5V+ 10% tolerance, direct interfacing capability with high performance 
logic families such as Schottky TTL. 


FEATURES 

• 524,288 word by 9 bit organization 

• Fast access time and cycle time 

• Single power supply of 5Vi 10% with a built- 
in Vbb generator 

• Low Power 

633mW MAX .Operating 
(TC514900AJL-70) 

550mW MAX. Operating 
(TC514900AJL-80) 

1.1 mW MAX. Standby 

• Outputs unlatched at cycle end allows two-di¬ 
mensional chip selec tion _ 

• Read -Modify-Write, CAS before RAS refresh, 
RAS-only refresh. Hidden refresh and Fast 
Page Mode capability 

• All inputs and outputs TTL compatible 

• 1024 refresh cycles/128ms 

• Package TC514900AJL ; SOJ28-P-400 


KEY PARAMETERS 


ITEM 

TC514900AJL 

-70 

-80 

Irac 

^AS Access Time 

70ns 

80ns 

Iaa 

Column Address Access Time 

35ns 

40ns 

tcAC 

^AS Access Time 

20ns 

20ns 

Irc 

Cycle Time 

130ns 

150ns 

tpc 

Fast Page Mode Cycle Time 

45ns 

50ns 
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PIN NAME 



PIN CONNECTION (TOP VIEW) 

Plastic SOJ 
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BLOCK DIAGRAM 

1/02 1/04 1/06 1/08 



ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 

VjN 

— 1~7 

V 

1 

Output Voltage 

^OUT 

— 1~7 

V 

1 

Power Supply Voltage 

Vcc 

— 1~7 

V 

1 

Operating Temperature 

Tqpr 

0-70 

°c 

1 

Storage Temperatiu-e 


— 55-150 

°c 

1 

Soldering Temperature • Time 


260 • 10 

°C • sec 

1 

Power Dissipation 

Pd 

700 

mW 

1 

Short Circuit Output Current 

I 

OUT 

50 

mA 

1 
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RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0-70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP 

MAX 

UNIT 

NOTE 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

ViH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

ViL 

Input Low Voltage 
(A0~A8, A9R, RA5, CAS, 

WRITE, DE 

-1.0*1 

- 

0.8 

V 

2 

ViL 

Input Low Voltage (1/01-1/09) 

-0.5*2 

- 

0.8 

V 

2 


*1-2.5V at pulse width < 20ns 
*2-2.0V at pulse width S 20ns 


D.C. ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°C) 



PARAMETER 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRc=tRc MIN.) 

TC514900AJL-70 

TC514900AJL-80 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=Vih) 

RSS ONLY REFRESH CURRENT Average 

Power Supply Current, Only Mode 

(RAS Cycling, CAS=Vjj^: Irc—^RC MIN.) 

TC514900AJL-70 

TC514900AJL-80 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS =Vil, CAS, Address Cycling;tpc=tpc MIN.) 

TC514900AJL-70 

TC514900AJL-80 

STANDBY CURRENT 

Power Supply Standby Current 
(RS5=CS5=Vcc-0.2V) 

CSS BEFOREIJSS REFRESH CURRENT 

TC514900AJL-70 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS, Cycling: tRc=tRC MIN.) 

TC514900AJL-80 

BATTERY BACK UP CURRENT 

Average Power Supply Current, Battery back up 
Mode (CAS = CAS Before RAS Cycling or 0.2V, 
UE = Vcc -0-2V or 0.2V WRITE = Vcc-0.2V or 
0.2V, A0~A9 = Vcc -0-2V or 0.2V 1/01- 9 = 
Vcc-02V, 0.2V or OPEN : tRc=125p5, tRAs = 
tRAsMIN-lpS) 

TC514900AJL-70 

TC514900AJL-80 


■ 

■ 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V<ViN < 6.5V, All Other Pins Not Under Test=0V) 

OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, OV ^qut - 5.5V) 

OUTPUT LEVEL 

Output “H” Level Voltage (IouT=-5niA) 

OUTPUT LEVEL 

Output “L” Level Voltage (IouT=4.2mA) 





-10 


-10 


2.4 


MAX 

UNIT 

NOTE 

115 


3,4 

5 

100 

mA 

2 

mA 

■ 

115 



100 

mA 

3,5 

80 


3,4 

5 

70 

mA 

200 

pA 

■ 

115 



100 

mA 

3 

300 

pA 

3,6 

10 

pA 

■ 

10 

pA 


D 

a 

■ 

0.4 

B 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (Vcc = 5V ± 10%, Ta = 0~70®C)(Notes 7,8,9) 


SYMBOL 

PARAMETER 

TC514900AJL 

UNIT 

NOTE 

-70 

-80 

MIN 

MAX. 

MIN 

MAX 

tRC 

Random Read or Write Cycle Time 

130 

- 

150 

- 

ns 


tRMW 

Read-Modify-Write Cycle Time 

185 

- 

205 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

45 

- 

50 

- 

ns 


tpRMW 

Fast Page Mode Read-Modify-Write 
Cycle Time 

100 

- 

105 

■ 

ns 


tRAC 

Access Time from RAS 

■ 

70 

‘ 

80 

ns 

10, 

15,16 

tcAC 

Access Time from CAS 

- 

20 

- 

20 

ns 

10,15 

^AA 

Access Time from Column Address 

- 

35 

- 

40 

ns 

10,16 

k:pA 

Access Time from CAS Precharge 

" 

40 

- 

45 

- 

10 

*CLZ 

CAS to output in Low-Z 

0 

- 

0 

- 

ns 

10 

*OFF 

Output Buffer Turn-off Delay 

0 

20 

0 

20 

ns 

11 


Transition Time (Rise and Fall) 

3 

50 

3 

50 

ns 

9 

^RP 

RAS Precharge Time 

50 

- 

60 

- 

ns 


tRAS 

RAS Pulse Width 

70 

10,000 

80 

10,000 

ns 


^RASP 

RAS Pulse Width (Fast Page Mode) 

70 

100,000 

80 

100,000 

ns 


^RSH 

RTS Hold Time 

20 

- 

20 

- 

ns 


^RHCP 

RAS Hold Time From CaS 

Precharge (Fast Page Mode) 

40 

• 

45 

“ 

ns 


k:SH 

CAS Hold Time 

70 

- 

80 

- 

ns 


k:AS 

CAS Pulse Width 

20 

10,000 

20 

10,000 

ns 


tRCD 

RAS to CAS Delay Time 

20 

50 

20 

60 

ns 

15 

^RAD 

RAS to Column Address Delay Time 

15 

35 

15 

40 

ns 

16 

tcRP 

CAS to RaS Precharge Time 

5 

- 

5 


ns 


k:p 

CAS Precharge Time 

10 

- 

10 

- 

ns 


UsR 

Row Address Set-Up Time 

0 

- 

0 

- 

ns 


tRAH 

Row Address Hold Time 

10 

- 

10 

- 

ns 


Use 

Column Address Set-Up Time 

0 

- 

0 

- 

ns 


k:AH 

Column Address Hold Time 

15 

- 

15 

- 

ns 


^AR 

Column Address Hold Time refer¬ 
enced to RAS 

55 

- 

60 

■ 

ns 


tRAL 

Column Address to RAS Lead Time 

35 

- 

40 

- 

ns 


tRCS 

Read Command Set-Up Time 

0 


0 

- 

ns 


UCH 

Read Command Hold Time 

0 

- 

0 

- 

ns 

12 

tRRH 

Read Command Hold Time refer¬ 
enced to RAS 

0 

■ 

0 

" 

ns 

12 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 


SYMBOL 

PARAMETER 

twCH 

Write Command Hold Time 

twCR 

Write Command Hold Time referenced to 

twp 

Write Conunand Pulse Width 

tRWL 

Write Command to RAS Lead Time 

k:wL 

Write Command to CAS Lead Time 

^DS 

Data Set-Up Time 

toH 

Data Hold Time 

^DHR 

Data Hold Time referenced to RAS 

tREF 

Refresh Period 

twcs 

Write Command Set-Up Time 

tcWD 

CAS to WKl'lL Delay Time 

tRWD 

RAS to WRl'l E Delay Time 

UwD 

Column Address to WRl'l'E Delay Time 

tcPWD 

CAS Precharge to WrI'IE Delay Time 

tcSR 

CaS Set-Up Time 
(CaS before RAS Cycle) 

k:HR 

CAS Hold Time 
(CAS before RAS Cycle) 

^RPC 

RAS to CAS Precharge Time 

k:PT 

CAS Precharge Time 

(CAS before RAS Counter Test Cycle 

tROH 

RAS Hold Time referenced to DE 

k)EA 

DE Access Time 

k)ED 

DE to Data Delay 

k>EZ 

Output buffer turn off Delay Time from DE 

k)EH 

DE Command Hold Time 

toDS 

Output Disable Set-Up Time 



CAPACITANCE (Vcc = 5V ± 10%,f = IMHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

Qi 

Input Capacitance (A0~A8, A9R) 

- 

5 

pF 

Ci2 

Input Capacitance (RAS, CAS, Wrue, OE) 

- 

7 

pF 

Co 

Input Capacitance (1/01-1/09) 

- 

7 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to 
the device. 

2. All voltages are referenced to Vgs. 

3- Icci- Icc 3 > Icc 4 . Icc6 depend on cycle rate. 

4. I^ci, Icc 4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=Vil. In case of Icc 4 > if i*® changed once or less 
during a fast page mode cycle (tpc). 

fRAS (itiax.) = Ips is only applied to refresh of battery-back up. t^^g (max.) = lOgs is applied to 
functional operating. 

7. An initial pause of 200gs is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

8. AC measurements assume t-p=5ns. 

9. VjH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between and Vj^. 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

11. toFF (max.) and Iqez (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

12. Either t^cH ^rrh must be satisfied for a read cycle. 

13. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge 
in Read-Modify-Write cycles. 

14. twcs> Irwd’ fcwD’ f AWD fcpwD restictive operating parameters. They are included in the data 

sheet as electrical characteristics only. If >twcs (min.), the cycle is an early write cycle and the 
data out pin will remain open circuit (high impedance) through the entire cycle; If tR\vD>fRWD (min.), 
tcwD>fcwD (min.), tAWD>tAWD (min.) and tcpwD>fcpwD (min.), (Fast Page Mode), the cycle is a Read- 
Modify-Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of conditions is satisfied, the condition of the data out (at access time) is indetenninate. 

15. Operation within the tRc^ (max.) limit insures that tR^c cun be met. tR^o (max.) is specified as a 
reference point only: If Ircd is greater than the specified tR^p (max.) limit, then access time is controlled 
by tcAC- 

16. Operation within the tR^o (max.) limit insures that tR^c (max.) can be met. tR^D (max.) is specified as 
a reference point only: If Iraq is greater than the specified tRAp (max.) limit, then access time is 
controlled by Iaa- 
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READ CYCLE 



Note: Din a OPEN 
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WRITE CYCLE (EARLY WRITE) 



Note: 0out = OPEN '• 
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FAST PAGE MODE WRITE CYCLE 

JOS 

A0~A8 

A9R 

WRITE 

5E 

1/01 
-1/09 


Not*: Dour = OPEN 


"H* or “L* 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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HIDDEN REFRESH CYCLE (READ) 



1/01 '^OH 
-1/09 


Note: Din-OPEN 
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HIDDEN REFRESH CYCLE (WRITE) 
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APPLICATION INFORMATION 


ADDRESSING 

The 19 address bits required to decode 1 of the 524,288 cell locations within the TC514900AJL are 
multiplexed onto the 10 address inputs and latched into the on-chip address latches by externally applying two 
negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS), latches the 10 row address bits into the chip. The second 
clock, the Column Address Strobe (CAS), subsequently latches the 9 column address bits into the chip. Each of 
these signals, RAS and CAS, triggers a sequence of events which are controlled by different delayed internal 
clocks. 

The two clock chains are linked together logically in such a way that the address multiplexing operation 
is done outside of the critical path timing sequence for read data access. The later events in the CAS clock 
sequence are inhibited until the occurrence of a delayed signal derived from the RAS clock chain. The “gated 
CAS” feature allows the CAS clock to be externally activated as soon as the Row Address Hold Time 
specification (tj^H) has been satisfied and the address inputs have been changed from Row address to Column 
address information. 


DATA INPUTS 

A write cycle is performed by bringing WRITE low during the RAS/CAS operation. The falling edge of 
CAS or WRITE strobes data on 1/01-1/09 into the on-chip data latch. In an early write cycle, WRITE is brought 
low prior to CAS and the data is strobed in by CAS with setup and hold times referenced to this signal. In 
delayed write or read modify write cycle, CAS will already be low, thus the data will be strobed in by WRITE 
with setup and hold times referenced to these signals. 

In delayed or read modify write, DE must be high to bring the output buffers to high impedance prior to 
impressing data on the I/O lines. 


DATA OUTPUTS 

The three-state output buffers provide direct TTL compatibility with a fan-out of a standard TTL load. 
Data-out is the same polarity as data-in. The outputs are in the high impedance state until CAS is brought low. 
In a read cycle the outputs go active after the access time interval tj^c ^oea satisfied. 

The outputs become valid after the access time has elapsed and remain valid while CAS and DE are low. 
CAS or DE going high returns it to a high impedance state. In a delayed write or read-modify-write cycle, the 
outputs will follow the sequence for the read cycle. 

The DE controls the impedance of the output buffers. In the logic high position the buffers will remain in 
a high impedance state. 

When the DE input is brought to a logical low level, the output buffers are enabled. Both CAS and DE can 
control the outputs. Thus in a read operation, either DE or CAS returning high forces the outputs into the high 
impedance state. 
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ICCS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 1024 row 
addresses (AO~A8, A9R) within each 16 millisecond time interval. Although any normal memory cycle will 
perform the refresh operation, this function is most easily accomplished with “RAS-only” cycles. RAS only 
refresh results in a substantial reduction in operating power. This reduction in power is reflected in the Iqq^ 
specification. 

BEFORE RXS REFRESH 

CAS before RAS refreshing available on the TC514900AJL offers an alternate refresh method. If CSS is 
held on low for the specified period (tcsn) before RAS goes to low, on chip refresh control clock generations 
and the refresh address counter are enabled, and an internal refresh operation takes place. After the refresh 
operation is performed, the refresh address counter is automatically incremented in preparation for the next CAS 
before RAS refresh operation. 

FAST PAGE MODE 

The “Fast Page Mode” feature of the TC514900AJL allows for successive memory operations at multiple 
column locations of the same row address with increased speed without an increase in power. This is done by 
strobing the row address into the chip and maintaining the RAS signal at a logic 0 throughout all successive 
memory cycles in which the row address is common. This “Fast Page Mode” of operation will not dissipate the 
power associated with the negative going edge of RAS. Also, the time required for strobing in a new address is 
eliminated, thereby decreasing the access and cycle times. 


HIDDEN REFRESH 

An optional feature of the TC514900AJL is that refresh cycles may be performed while maintaining valid 
data at the output pins. This is referred to as Hidden Refresh. Hidden Refresh is performed by holding CAS at 
VjL and taking RAS high and after a specified precharge period (tRp), executing a CAS before RAS refresh 
cycle. (See Figure below) 
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css BEFORE RS5 REFRESH COUNTER TEST 

The internal refresh operation of TC514900AJL can be tested by “CAS BEFORE RAS REITIESH 
COUNTER TEST.” This cycle performs READ/WRITE operation taking internal counter address as row 
address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS cycles as initialization cycles. The test 
procedure is as follows: 

• 1. Write “0” into all the memory cells normal write mode. 

• 2. Select one certain column address and read “0” out and write “1” in each cell by performing “CAS 

BEFORE RS5 REFRESH COUNTER TEST (READ-MODIFY-WRITE CYCLE).” 

• 3. Check “1” out of 1024 bits at normal read mode, which was written at 

• 4. Using the same column as read “1” out and write “0” in each cell performing “CAS BEFORE RAS 

REFRESH COUNTER TEST.” Repeat this operation 1024 times. 

• 5. Check “0” out of 1024 bits at normal read mode, which was written at V. 

6. Perform the above + to / to the complement data. 
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524,288 WORD X 9 BIT DYNAMIC RAM 

DESCRIPTION 

The TC514900AJLL is the new generation dynamic RAM organized 524,288 word by 9 bit. The 
TC514900AJLL utilizes Toshiba’s CMOS silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the system user. Multiplexed address inputs 
permit the TC514900AJLL to be packaged in a standard 28 pin plastic SOJ. The package size provides high 
system bit densities and is compatible with widely available automated testing and insertion equipment. System 
oriented features include single power supply of 5V± 10% tolerance, direct interfacing capability with high 
performance logic families such as Schottky TTL. 


FEATURES 

• 524,288 word by 9 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% with a built- 
in Vgg generator 

• Low Power 

663mW MAX .Operating 
(TC514900AJLL-70) 

550mW MAX. Operating 
(TC514900AJLL-80) 

1.1 mW MAX. Standby 

• Outputs unlatched at cycle end allows two-di¬ 
mensional chip selec tion 

• Read -Modify-Write, CAS before RaS refresh, 
RAS-only refresh. Hidden refresh, and Fast 
Page Mode capability 

• All inputs and outputs TTL compatible 

• 1024 refresh cycles/128ms 

• Package TC514400AJLL ; SOJ28-P-400 


KEY PARAMETERS 


ITEM 

TC514400ArLL 

-70 

-80 

tRAC 

Access Time 

70ns 

80ns 

^AA 

Column Address 

Access Time 

35ns 

40ns 

*CAC 

Access Time 

20ns 

20ns 

tRC 

Cycle Time 

130ns 

150ns 

tpc 

Fast Page Mode 

Cycle Time 

45ns 

50ns 
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PIN NAME 


A0~A8,A9R 

Address Inputs 

RA5 

Row Address Strobe 

CAS 

Column Address Strobe 

WRITE 

Read/Write Input 

DE 

Output Enable 

1/01-1/09 

Data Input/Output 

Vcc 

Power (+5V) 

Vss 

Ground 

N.C. 

No Coimection 


PIN CONNECTION (TOP VIEW) 


Plastic SOJ 



b- 



VccC 

1 

28 

3 Vss 

l/OlC 

2 

27 

DV09 

1/02 C 

3 

26 

DI/08 

1/03 C 

4 

25 

Dl/07 

1/04 C 

5 

24 

Dl/06 

1/05 C 

6 

23 

DCa5 

WRiTEC 

7 

22 

doe 

Ra5C 

8 

21 

Dn.c. 

A9RC 

9 

20 

DA8 

AOC 

10 

19 

DA7 

AlC 

11 

18 

D A6 

A2C 

12 

17 

DA5 

A3C 

13 

16 

DA4 

VccC 

14 

15 

DVss 


\_ 
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BLOCK DIAGRAM 
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bo 
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QCU 

1024 

Ul 
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SUBSTRATE BIAS 
GENERATOR 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

Input Voltage 

^IN 

—1~7 

Output Voltage 

VoUT 

— 1~7 

Power Supply Voltage 

Vcc 

— 1~7 

Operating Temperature 

Tqpr 

0~70 

Storage Temperature 


— 55-150 

Soldering Temperature • Time 


260 • 10 

Power Dissipation 

Pd 

700 

Short Circuit Output Current 

I 

OUT 

50 
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RECOMMENDED D.C. OPERATING CONDITIONS (Ta = O-TO^C) 



*1 -2.5V at pulse width 5 20ns 
*2 -2.0V at pulse width < 20ns 


D.C. OPERATING CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

I 

CCl 

OPERAONG CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRc=tRc MIN.) 

TC514100AJLL-70 

TC514100AJLL-80 

I 

CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V j jj) 

ICC3 

RAS ONLY REFRESH CURRENT Average 

Power Supply Current, 5^ Only Mode 
(RAS Cycling, CAS=Vjjj: tRc=tR(^ MIN.) 

TC514100AJLL-70 

TC514100AJLL-80 

I 

CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS =Vil, CAS, Address Cycling:tpc=tpc MIN.) 

TC514100AJLL-70 

TC514100AJLL-80 

I 

CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V f;(^-0.2V) 

I 

CC6 

CAS BEFOREIJAS REFRESH CURRENT 
Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS, Cycling: tRc=lRC MIN.) 

TC514100AJLL-70 

TC514100AJLL-80 

IcC7 

BATTERY BACK UP CURRENT 

Average Power Suuply Current, Battery Back Up Mode 
(RA$=CAS Before RAS Cycling or 0.2V, DE=Vcc-0.2V or 0.2V, 
WRITE =Vcc-0.2V or 0.2V A0-A8, A9R=Vcc-0.2V or 0.2V, 1/0-1/ 
O9=Vcc-0.2V, 0.2V or OPEN;tRc=125|is, tRAs=tRES MIN. -Ips) 

Ices 

SELF REFRESH CURRENT 

Average Power Supply Current, Self Refresh Mode 
(RA5 =CM=Vil, WR1TE=Vcc- 0.2V or 0.2V, DE=Vcc-0.2V or 0.2V 
A0~A9=Vcc-0.2V or 0.2V, I/Ol~9=Vcc-0.2V, 0.2V or OPEN 

I 

I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0 V<Vin< 6.5V, All Other Pins Not Under Test=0V) 

^O(L) 

OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, OV <Vout^5.5V) 

VOH 

OUTPUT CURRENT 

Output “H” Level Voltage (IouT=-5niA) 

O 

> 

OUTPUT CURRENT 

Output “L” Level Voltage (IouT=4.2inA) 


MIN. 



MAX 

UNIT 

115 


100 

mA 

2 

mA 

115 


100 

mA 

80 


70 

mA 

200 

pA 

115 


100 

mA 

300 

pA 

200 

pA 

10 

pA 

10 

pA 

■ 

D 

0.4 

B 


NOTE 

3,4 

5 


3,5 


3 


3,6 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (Vcc = 5V ± 10%, Ta = 0~70°C)(Notes 7,8,9) 


SYMBOL 

PARAMETER 

Irc 

Random Read or Write Cycle Time 

tRMW 

Read-Modify-Write Cycle 

tpc 

Fast Page Mode Cycle Time 

tpRMW 

Fast Page Mode Read-Modify-Write Cycle 

Time 

Irac 

Access Time from RAS 

tcAC 

Access Time from CAS 

^AA 

Access Time from Column Address 

ICPA 

Access Time from CAS Precharge 

kxz 

CAS to Output in Low-Z 

kypF 

Output Buffer Turn-off Delay 

tj 

Transition Time (Rise and Fall) 

^RP 

RAS Presharge Time 

tRAS 

RaS Pulse Width 

^RASP 

RAS Pulse Width (Fast Page Mode) 

^RSH 

RAS Hold Time 

^RHCP 

RAS Hold Time From CAS 

Precharge (Fast Page Mode) 

tcSH 

CAS Hold Time 

k:AS 

CAS Pulse Width 

^RCD 

RAS to CAS Delay Time 

tRAD 

RAS to Column Address Delay Time 

tcRP 

CAS to RAS Precharge Time 

tcp 

CAS Precharge Time 

^ASR 

Row Address Set-Up Time 

tRAH 

Row Address Hold Time 

Use 

Column Address Set-Up Time 

tcAH 

Column Address Hold Time 

^AR 

Column Address Hold Time referenced RAS 

tRAL 

Column Address To RAS Lead Time 

Ucs 

Read Command Set-Up Time 

UCH 

Read Command Hold Time 

tRRH 

Read Command Hold Time referenced to RAS 

twCH 

Write Command Hold Time 

twCR 

Write Command Hold Time referenced to RAS 







55 

- 

60 

- 


UNIT 


ns 

ns 

ns 

ns 

ns 

ns 

ns 

- 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 


SYMBOL 

PARAMETER 

w 

Write Command Pulse Width 

‘rwl 

Write Command to RAS Lead Time 

k:WL 

Write Command to CaS Lead Time 

bs 

Data Set-Up Time 

^DH 

Data Hold Time 

tREF 

Refresh Period 

%CS 

Write Command Set-Up Time 

tcWD 

CAS to WKllE Delay Time 

^RWD 

RAS to WKl l'E Delay Time 

UWD 

Column Address to WKl l E Delay Time 

kywD 

CAS Precharge to WRl'l'E Delay Time 

k:SR 

CAS Set-Up Time 
(CAS before RAS Cycle) 

k:HR 

CAS Hold Time 
(CAS before RAS Cycle) 

tRPC 

RAS to CAS Precharge Time 

tcPT 

CAS Precharge Time 

(CAS before RAS Counter Test Cycle 

kOH 

RAS Hold Time referenced to DE 

k)EA 

DE Access Time 

k)ED 

DE to Data Delay 

k)EZ 

Output buffer turn off Delay Time 
fromDE 

tOEH 

DE Command Hold Time 

k)DS 

Output Disable Set-Up Time 

tRASS 

RAS Pulse Width (CAS before RAS Self 
Refresh) 

^RPS 

RAS Precharge Time (CAS before Self Refresh) 

tCHS 

CAS Hold Time (CAS before RAS Self Refresh) 





CAPACITANCE (Vcc = 5V ± 10%, f = IMHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

Qi 

Input Capacitance (A0-A8,A9R) 

^ - 

5 

pF 

Ci2 

Input Capacitance (RAS, CAS, WRllE, OE) 

- 

7 

pF 

Co 

Input Capacitance (1/01-1/09) 

- 

7 

pF 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to 
the device. 

2. All voltages are referenced to Vsg. 

3- Icci> Icc 3 » Icc 4 - Icc6 depend on cycle rate. 

4. Icci, Icc4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=Vil. In case of I^ca. it can be changed once or less 
during a fast page mode cycle (tpc). 

6. tRAs (tnax.)=l|4S is only applied to refresh of battery-back up. tR^s (max.) = lOps is applied to functional 
operating. 

7. An initial pause of 2()0ps is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

8. AC measurements assume tj=5ns. 

9. VjH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between Vih and Vjl. 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

11. toFF (max.) and toEz (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

12. Either tRcn or Irrh oiost be satisfied for a read cycle. 

13. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge 
in Read-Modify-Write cycles. 

14. twcs> IrwD’ Rwd’ Iawd tcpwD ^6 oot restictive operating parameters. They are included in the date 
sheet as electrical characteristics only. If %cs >twcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If Ir^vd^Irwo (min.), 
^cwd^Riwd (min.), t^wo^t^^WD (mm.) and tcp\^P>t( 2 j>\^j) (mm.), (Fast Page Mode), the cycle is a Read- 
Modify-Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

15. Operation within the tRco (max.) limit insures that tR^c can be met. tRco (max.) is specified as a 
reference point only: If Ircd is greater than the specified tRCD (max.) limit, then access time is controlled 
by icAC- 

16. Operation within the tR^o (max.) limit insures that tR^c (max.) can be met. tR^D (max.) is specified as 
a reference point only: If Ir^d is greater than the specified tR^u (max.) limit, then access time is 
controlled by t^^^. 
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Note; Din = OPEN 
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READ-MODIFY-WRITE CYCLE 
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FAST PAGE MODE READ CYCLE 



Note: Din-OPEN 


"H" or "L" 
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FAST PAGE MODE WRITE CYCLE 


JOS 


zxs 


AIHAS 


A9R 


WRITE 






Note: Dqut = OPEN 


’H' or ”L' 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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css BEFORE RS5 REFRESH COUNTER TEST CYCLE 
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262,144 WORD X 16 BIT DYNAMIC RAM 

DESCRIPTION 

The TC514260BJ/BFT is the new generation dynamic RAM organized 262,144 word by 16 bit. The 
TC514260BJ/BFT utilizes Toshiba’s CMOS silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the system user. Multiplexed address inputs 
permit the TC514273BJ to be packaged in a standard 40 pin plastic SOJ, and 44/40 pin plastic TSOP. The 
package size provides high system bit densities and is compatible with widely available automated testing and 
insertion equipment. System oriented features include single power supply of 5V± 10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES 

• 262,144 word by 16 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V+ 10% with a built- 
in Vbb generator 

• Low Power 

550mW MAX .Operating 
(TC514273BJ-70) 

468mW MAX. Operating 
(TC514273BJ-80) 

5.5mWMAX. Standby 

• Outputs unlatched at cycle end allows two-di¬ 
mensional chip selec tion _ 

• Read -Modify-Write, CAs before RAS refresh, 
RAS-only refresh. Hidden refresh. Fast Page 
Mode and Test Mode capability 

• All inputs and outputs TTL compatible 

• 512refresh cycles/8ms 

• Package TC514260BJ ; SOJ40-P-400 

TC514260BFT: TSOP44-P-400B 


KEY PARAMETERS 


ITEM 

TC514260BJ 

-70 

-80 

^RAC 

Access Time 

70ns 

80ns 

^AA 

Column Address 

Access Time 

35ns 

40ns 

k:AC 

^AS Access Tune 

20ns 

20ns 

^RC 

Cycle Time 

130ns 

150ns 

tpc 

Fast Page Mode 

Cycle Time 

45ns 

50ns 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


A-333 




TC514260BJ/BFT-70/80 


PIN NAME 


A0~A8 

Address Inputs 


Row Address Strobe 

UCAS 

Column Address Strobe/Upper 
Byte Control 

LCAS 

Column Address Strobe/Lower 
Byte Control 

WRITE 

Read/Write Input 

DE 

Output Enable 

1/01-1/016 

Write Section/ Data Input/Output 

^cc 

Power (+5V) 

Vss 

Ground 

N.C. 

No Connection 


PIN CONNECTION (TOP VIEW) 


Plastic SOJ 


Plastic TSOP 
(Normal Bend Type) 







TT 


VccC 

1 

40 

]Vn 

VccCE 

1 

44 

1/01 [ 

2 

39 

]lA)16 

voilT 

2 

43 

1/02 [ 

3 

38 

]lA>15 

IA>2[E 

3 

42 

1/03 C 

4 

37 

]l/014 

U03CCI 

4 

41 

iA)4[ 

5 

36 

]lA313 

IA)4[E 

5 

40 

VccC 

6 

35 

3v$$ 

VccCE 

6 

39 

wsC 

7 

34 

]lA}12 

wosCE 

7 

38 

U06C 

8 

33 

]lA)11 

M06[E 

8 

37 

IA)7[ 

9 

32 

]lA)10 

IA)7[E 

9 

36 

IA38C 

10 

31 

]l709 

IA)8CE 


35 

N.CC 

11 

30 

]n.c. 




N.C.C 

12 

29 

Ilcas 

n.cCE 

13 

32 

WRITE [ 

13 

28 

luCAS 

N.C.C 

14 

31 

RASC 

14 

27 

lOE 

WRITE (E 

15 

30 

N.CC 

15 

26 

]A8 

r35[E 

16 

29 

A0[ 

16 

25 

]A7 

n.c.EE 

17 

28 

A1C 

17 

24 

JA6 

AOU 

18 

27 

A2[ 

18 

23 

Ias 

A1 DI 

19 

26 

A3[ 

19 

22 

]A4 

A2DI 

20 

25 

VccC 

20 

21 

3v„ 

A3CE 

21 

24 





VccIE 

22 

23 


3 v„ 

U 1/016 

D IA715 
D iA}u 
H] U013 

U v„ 
D IA}12 
ID iA3n 
H 1/010 

ID 1/09 

ID N.C. 
ID LCAS 
ID UCAS 
ID OE 
11 A8 
ID A7 
ID A6 
ID AS 
ID A4 

ID v„ 
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BLOCK DIAGRAM 



ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 

^IN 

— 1~7 

V 

1 

Output Voltage 

VqUT 

—1~7 

V 

1 

Power Supply Voltage 

Vcc 

— 1-7 

V 

1 

Operating Temperature 

IHi 

0-70 

°c 

1 

Storage Temperature 


— 55-150 

°c 

1 

Soldering Temperature • Time 


260* 10 

°C • sec 

1 

Power Dissipation 

Pd 

700 

mW 

1 

Short Circuit Output Current 

I 

OUT 

50 

mA 

1 


TOSHIBA AMERICA ELECTRONIC COMPONENTS INC A.SQS 






















































TC514260BJ/BFT-70/80 


RECOMMENDED D.C. OPERATING CONDITION (Ta = 0-70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP 

MAX 

UNIT 

NOTE 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

Vm 

Input High Voltage 

2.4 

- 

Vcc+0.5 

V 

2 

ViL 

Input Low Voltage 

-0.5 

- 

0.8 

V 

2 


♦-2.0V at pulse width ^ 20ns 


D.C. OPERATING CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX 

UNIT 

NOTE 

^CCl 

OPERATING CURRENT 

Average Power Supply Operating Current (RAS, 

UCAS, LCAS, Address Cycling: tRc=tRc MIN.) 

TC514260BJ/BFT-70 

- 

mji 

mA 

3.4 

5 

TC514260BJ/BFT-80 

“ 

85 

*CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=UCAS=LCAS=V jjj) 

■ 

2 

mA 

■ 

k:c3 

RX5 ONLY REFRESH CURRENT Average Power 
Supply Current, RAS Only Mode(RAS Cycling, 
UCAS=LCAS=Vjij: tRc^tR^; MIN.) 

TC514260BJ/BFT-70 


100 

mA 

3,5 

TC514260BJ/BFT-80 

■ 

85 

^CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode(RAS 
=ViL,UCAS,LCAS,Address Cycling:tpc=tpcMIN.) 

TC514260BJ/BFT-70 

- 

70 

mA 

3.4 

5 

TC514260BJ/BFT-80 


60 

^CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=UCS5=ir7i5=Vcc-0.2V) 

■ 

1 

mA 

■ 

I 

CC6 

CSS BEFORETISS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 

Mode (RAS, UCAS, LCAS Cycling: tRc=tpc MIN.) 

TC514260BJ/BFT-70 


100 

mA 

3,5 

TC514260BJ/BFT-80 

■ 

85 

I 

I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0 V^in^. 5V, All Other Pins Not Under Test=0V) 

-10 

10 

VlA 

■ 

*0(L) 

OUTPUT LEAKAGE CURRENT 
(Dour is disabled, OV ^out-5-5V) 

-10 

10 

pA 

B 


OUTPUT CURRENT 

Output “H” Level Voltage (Iour=-5mA) 

m 

■ 

B 

B 


OUTPUT CURRENT 

Output “L” Level Voltage (Iour=4.2mA) 

a 

0.4 

B 
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TC514260BJ/BFT-70/80 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (Vcc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 


SYMBOL 

PARAMETER 

tRC 

Random Read or Write Cycle Time 

tRMW 

Read-Modify-Write Cycle 

tpc 

Fast Page Mode Cycle Time 

tpRMW 

Fast Page Mode Read-Modify-Write Cycle Time 

^RAC 

Access Time from RAS 

k:AC 

Access Time from CAS 

^AA 

Access Time from Column Address 

k3>A 

Access Time from CAS Precharge 

kxz 

CAS to Output in Low-Z 

toFF 

Output Buffer Turn-off Delay 

tj 

Transition Time (Rise and Fall) 

^RP 

RAS Presharge Time 

tRAS 

RS5 Pulse Width 

^RASP 

RAS Pulse Wdth (Fast Page Mode) 

^RSH 

RAS Hold Time 

^RHCP 

RAS Hold Time From CAS 

Precharge (Fast Page Mode) 

k:sH 

CAS Hold Time 

k:AS 

CAS Pulse >Mdth 

^RCD 

RAS to CAS Delay Time 

^RAD 

RAS to Column Address Delay Time 

tcRP 

CAS to RAS Precharge Time 

ka* 

CAS Precharge Time 

USR 

Row Address Set-Up Time 

tRAH 

Row Address Hold Time 

^ASC 

Column Address Set-Up Time 

k:AH 

Column Address Hold Time 

tRAL 

Column Address To RAS Lead Time 

tRCS 

Read Command Set-Up Time 

tRCH 

Read Command Hold Time 

^RRH 

Read Command Hold Time referenced to RAS 

WCH 

Write Command Hold Time 


TC514260BJ/BFT 
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TC514260BJ/BFT-70/80 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (CONT) 


SYMBOL 

PARAMETER 

twp 

Write Command Pulse >\^dth 

tRWL 

Write Command to RaS Lead Time 

tcWL 

Write Command to CAS Lead Time 

^DS 

Data Set-Up Time 

^DH 

Data Hold Time 

tREF 

Refresh Period 

%CS 

Write Command Set-Up Time 

k:m) 

CAS to WRITE Delay Time 

^RWD 

RAS to WRITE Delay Time 

UwD 

Column Address to WE Delay Time 

k:PWD 

CAS Precharge to WRITE Delay Time 

k:sR 

CAS Set-Up Time (CAS before RAS Cycle) 

k:HR 

CAS Hold Time (CAS before RAS Cycle) 

tRPC 

RAS to CaS Precharge Time 

k:pT 

CAS Precharge Time (cAS before RAS 
Counter Test Cycle 

^ROH 

RAS Hold Time referenced to OE 

k)EA 

DE Access Time 

*OED 

DE to Data Delay 

k)EZ 

Output buffer turn off Delay Time from DE 

k)EH 

DE Command Hold Time 

k)DS 

Output Disable Set-Up Time 


TC514260BJ/BFT 



CAPACITANCE (Vcc = 5V ± 10%, f = IMHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

Qi 

Input Capacitance (A0~A8) 

- 

5 

pF 

Ci2 

Input Capacitance (RAS, UCAS, LCAS, OE)) 

- 

7 


Co 

Input Capacitance(I/01~I/016) 

- 

7 

pF 
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TC514260BJ/BFT-70/80 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to 
the device. 

2. All voltages are referenced to Vg^. 

3. Icci. Ices. Icc 4 . Icc6 depend on cycle rate. 

4. Iccb Icc 4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=Vil. In case of Icc 4 , it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 200ps is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume t-r=5ns. 

8. VjH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between and Vjl. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. topp (max.) and toEz (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

11. Either tRCH or Irrh must be satisfied for a read cycle. 

12. These parameters are referenced to UCAS, LCAS leading edge in early write cycles and to WRITE, 
leading edge in Read-Modify-Write cycles. 

13. WeS’ IrwD’ RwD’ ^awd Rpwd "ot restictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If %cs -^wes (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If Ir^vd^rwd (min.), 
Rwd-Rwd (min.), t^wD-tAWD (min.) and tcpwi^tcpwD (min.), (Fast Page Mode), the cycle is a Read- 
Modify-Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the t^co (max.) limit insures that tRAc oan be met. tRco (max.) is specified as a 
reference point only; If Ircd *s greater than the specified tRco (max.) limit, then access time is controlled 
t’y Rac- 

15. Operation within the tR^o (max.) limit insures that tR^c (max.) can be met. tR^o (max.) is specified as 
a reference point only: If Ir^d is greater than the specified tR^o (max.) limit, then access time is 
controlled by t^A- 
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UPPER BYTE READ CYCLE 



1/01 

-W)8 Voi- 


1/09 ''OH- 

-1/016 VoL- 





Note: Din (I/01~I/08) s Don't Care 
D|n(I/09~I/016) >0PEN 
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LOWER BYTE READ CYCLE 



~l/016 VoL- 


Note: Din (I/01 ~l/08) s OPEN ^ 

0|N (l/09~ I/016} s Don't Care 
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UPPER BYTE READ-MODIFY-WRITE CYCLE 



Nott: D|n(I/01~I/08) s Don't Care 
Dout(I/01~I/08) »0PEN 
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LOWER BYTE READ-MODIFY-WRITE CYCLE 












TC514260BJ/BFT-70/80 


FAST PAGE MODE READ CYCLE 



Not*: 0|N « OPEN 


"H* or 'L* 



Note: Dour « OPEN 


"H’ or "L* 
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FAST PAGE MODE BYTE READ CYCLE 



T’/%CUIDA AlflCDI/^A Cl Ikl/^ 


A OPO 











TC514260BJ/BFT-70/80 


FAST PAGE MODE BYTE WRITE CYCLE (EARLY WRITE) 




Note: Dout “ OPEN 


'H* or 'L' 


A.'acA 
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TC514170BJ-70/80 


262,144 WORD X 16 BIT DYNAMIC RAM 

DESCRIPTION 

The TC514170BJ is the new generation dynamic RAM organized 262,144 word by 16 bit. The 
TC514170BJ utilizes Toshiba’s CMOS silicon gate process technology as well as advanced circuit techniques 
to provide wide operating margins, both internally and to the system user. Multiplexed address inputs permit the 
TC514170BJ to be packaged in a standard 40 pin plastic SOJ. The package size provides high system bit 
densities and is compatible with widely available automated testing and insertion equipment. System oriented 
features include single power supply of 5V± 10% tolerance, direct interfacing capability with high performance 
logic families such as Schottky TTL, 

FEATURES 

• 262,144 word by 16 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% with a built- 
ion Vbb generator 

• Low Power 

413mW MAX .Operating 
(TC514170B-70) 

358mW Max. Operating 
TC514170B-80 
5.5mW Max. Standby 

• Outputs unlatched at cycle end allows two-di¬ 
mensional chip selection 

• Read-Modify-Write, CAS before RAS refresh, 

RAS-only refresh. Hidden refresh. Fast Page 
Mode capability 

• All inputs and outputs TTL compatible 

• 1024 refresh cycles/16ms 

• Package TC514170BJ ; SOJ40-P-400 


KEY PARAMETERS 


ITEM 

TC514170BJ 

-70 

-80 

tRAC 

Access Time 

70ns 

80ns 

w 

Column Address 

Access Time 

35ns 

40ns 

k:AC 

Access Time 

20ns 

20ns 

tRC 

Cycle Time 

130ns 

150ns 

*PC 

Fast Page Mode 

Cycle Time 

45ns 

50ns 
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TC514170BJ-70/80 


PIN NAME 


A0~A7,A8R,A9R 

Address Inputs 

RA5 

Row Address Strobe 

CAS 

Column Address Strobe 

UW 

Read/Upper Byte Write Input 

EW 

Read/Lower Byte Write Input 

DE 

Output Enable 

1/01-1/016 

Data Input/Outputt 

Vcc 

Power (+5V) 

Vss 

Ground 

N.C. 

No Connection 


PIN CONNECTION (TOP VIEW) 


Plastic SOJ 




Vcc 

[ 

1 

40 ] 

1/01 

[ 

2 

39 ] 

1/02 

[ 

3 

38 ] 

1/03 

[ 

4 

37 ] 

i/04 

C 

5 

36 ] 

Vcc 

[ 

6 

35 3 

1/05 

C 

7 

34 3 

1/06 

[ 

8 

33 3 

1/07 

C 

9 

32 3 

1/08 

C 

10 

31 3 

N.C 

c 

11 

30 ] 

LW 

c 

12 

29 3 

UW 

[ 

13 

28 ] 

m 

[ 

14 

27 ] 

A9R 

c 

15 

26 3 

AO 

[ 

16 

25 ] 

A1 

[ 

17 

24 ] 

A2 

[ 

18 

23 ] 

A3 

[ 

19 

22 ] 

Vcc 

( 

20 

21 ] 


V_ / 


Vss 

1/016 

1/015 

1/014 

1/013 

Vss 

1/012 

1/011 

1/010 

1/09 

N.C. 

N.C. 

CA? 

OF 

A8R 

A7 

A6 

AS 

A4 

Vss 
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BLOCK DIAGRAM 


1/02 1/04 1/06 1/08 1/010 1/012 1/014 1/016 



ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 

ViN 

—1~7 

V 

1 

Output Voltage 


— 1-7 

V 

1 

Power Supply Voltage 

Vcc 

—1-7 

V 

1 

Operating Temperature 

Tqpr 

0-70 

°C 

1 

Storage Temperature 


-55-150 

°C 

1 

Soldering Temperature • Time 


260 MO 

°C • sec 

1 

Power Dissipation 

Pd 

700 

mW 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 
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RECOMMENDED D.C. OPERATING CONDITION (Ta = 0-70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP 

MAX 

UNIT 

NOTE 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

ViH 

High Level Input Voltage 

2.4 

- 

Vcc+0.5 

V 

2 

ViL 

Low Level Input Voltage 

-0.5* 

- 

0.8 

V 

2 


* 2.0V at pulse width ^ 20ns 


D.C. ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

NOTE 

'cci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling:tRc=tRc MIN) 

TC514170BJ-70 

- 

mm 

mA 

3,4 

5 

TC514170BJ-80 

- 



1 

CC2 

STANBY CURRENT 

Power Supply Standby Current 
(RAS=CAS, — Vjjj) 

■ 

2 

mA 

■ 

'cC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current (RAS Only Mode 
(RAS,"Cycling, CAS,= Vjfj: tRc=tRC MIN) 

TC514170BJ-70 

- 

75 

mA 

B 

TC514170BJ-80 

- 

65 


'CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS='Vil_ CAS,Adress Cycling: tpc=tpc MIN) 

TC514170BJ-70 

- 


mA 

3,4,5 

TC514170BJ-80 

- 

mm 


'cC5 

STANDBY CURRENT 

Power Supply Standby Current, 

(RAS=CAS=Vc;c-0.2V) 

■ 

1 

mA 

■ 

1 

CC6 

CAS BEFORE RAS REFRESH CURRENT 
Average Power Supply Current, Fast Page Mode 
(RAS=’Vjl CAS,Adress Cycling: tpc=tpc 

TC514170BJ-70 

- 

mm 

mA 

3,5 

TC514170BJ-80 

- 

mm 


1 

I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OV< ViN< Vcc, All Other Pins Not Under Test=OV 

-10 

10 

pA 

■ 

n 

OUTPUT LEAKAGE CURRENT 
(Dout^® disabled, < OV< Vqjj-j’ < 

-10 

10 

pA 

■ 

VoH 

OUTPUT LEVEL 

(Output “H” Level Voltage (out = 5mA) 

2.4 

■ 

D 

■ 


OUTPUT LEVEL 

(Output “H” Level Voltage (ouT = 4.2mA) 

- 

0.4 

D 

■ 




TneUlQA AMBDI^A Bl 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING CONDITIONS 
(Vcc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 


SYMBOL 

PARAMETER 

TC514170BJ 

UNIT 

NOTES 

-70 

-80 

MIN 

MAX. 

MIN 

MAX 

tRC 

Random Read or Write Cycle Time 

130 

- 

150 

- 

ns 


^RMW 

Read-Modify-Write Cycle 

185 

- 

205 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

45 

- 

50 

- 

ns 


tpRMW 

Fast Page Mode Read-Modify-Write Cycle Time 

100 

- 

105 

- 

ns 


tRAC 

Access Time from RAS 

- 

70 

- 

80 

ns 

9,14,15 

tCAC 

Access Time from CAS 

- 

20 

- 

20 

ns 

9,14 

^AA 

Access Time from Column Address 

- 

35 

- 

40 

ns 

9,15 

k:PA 

Access Time from CAS Precharge 

- 

40 

- 

45 

- 

9 

tcLZ 

CAS to Output in Low-Z Data Hold Time 

0 

- 

0 

- 

ns 

9 

k)FF 

Output Buffer Turn-off Delay 

0 

15 

0 

15 

ns 

10 

tj 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

ns 


tRP 

RAS Presharge Time 

50 

- 

60 

- 

ns 


tRAS 

RAS Pulse Width 

70 

10,000 

80 

10,000 

ns 


^RASP 

RAS Pulse Width (Fast Page Mode) 

70 

100,000 

80 

100,000 

ns 


tRSH 

RAS Hold Time 

20 

- 

20 

- 

ns 


tRHCP 

RAS Hold Time From CAS 

Precharge (Fast Page Mode) 

40 

- 

45 

- 

ns 


tcSH 

CAS Hold Time 

70 

- 

80 

- 

ns 


tcAS 

CAS Pulse Width 

20 

10,000 

20 

10,000 

ns 


^RCD 

RAS to CAS Delay Time 

20 

50 

20 

60 

ns 

14 

tRAD 

RAS to Column Address Delay Time 

15 

35 

15 

40 

ns 

15 

tcRP 

CAS to RAS Precharge Time 

5 

- 

5 


ns 


k:p 

CAS Precharge Time 

10 

- 

10 

- 

ns 


USR 

Row Address Set-Up Time 

0 

- 

0 

- 

ns 


^RAH 

Row Address Hold Time 

10 

- 

10 

- 

ns 


^ASC 

Column Address Set-Up Time 

0 

- 

0 

- 

ns 


tCAH 

Column Address Hold Time 

10 

- 

15 

- 

ns 


tRAL 

Column Address To RAS Lead Time 

35 

- 

40 

- 

ns 


tRCS 

Read Command Set-Up Time 

0 

- 

0 

- 

ns 


tRCH 

Read Command Hold Time 

0 

- 

0 

- 

ns 

11 

tRRH 

Read Command Hold Time referenced to RAS 

0 

- 

0 

- 

ns 

11 

%CH 

Write Command Hold Time 

15 

- 

15 

- 

ns 



T/%eUIDA AiiCDir^A El C^TDrkMI/^ 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 


SYMBOL 

PARAMETER 

twp 

Write Command Pulse \Mdth 

‘rwl 

Write Command to RAS Lead Time 

tcWL 

Write Command to CAS Lead Time 

tos 

Data Set-up Time 

toH 

Data Hold Time 

‘ref 

Refresh Period 

twcs 

Write Command Set-up Time 

k:wD 

CAS to WRil'E Delay Time 

^RWD 

RAS to WKl'l L Delay Time 

UwD 

Column Address to WRI TE Delay Time 

k:PWD 

CAS Precharge to WritE Delay Time 

k:sR 

CAS Set-up Time 
(CAS before RAS Cycle) 

k:HR 

CAS Hold Time 
(CaS before RAS Cycle) 

tRPC 

RAS to CaS Precharge Time 

tcPT 

CAS Precharge Time 

(CAS before RAS Counter Test) 

tROH 

RAS Hold Time referenced to DE 

k)EA 

DE Access Time 

k)ED 

DE to Data Delay 

k)EZ 

Output buffer turn off Delay Time 
fromDE 

k)EH 

DE Command Hold Time 

toDS 

Output Disable Set-up Time 

^MCS 

Masked Write Set-Up Time 

^MRH 

Masked Write Hold Time referenced to 
RSS 

^MCH 

Masked Write Hold Time referenced to 
CSS 


TC514170BJ 



CAPACITANCE (Tcc= 5V+ 10%, f = IMHz, Ta = 0~70°c) 


SYMBOL 

CHARACTERISTIC 

MIN 

MAX 

UNIT 

Qi 

Input Capacitance (AO ~A7, A8R, A9R) 

- 

5 

pF 

Ci2 

Input Capacitance (RAS, CAS, UW, LW, DE) 

- 

7 

pF 

Co 

Input/Output Capacitance (1/01-1/016) 

- 

7 

pF 
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TC514170BJ-70/80 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to 
the device. 

2. All voltages are referenced to Vgs- 

3- Icci. Icc 3 . Icc 4 > Icc6 depend on cycle rate. 

4. Icci. Icc 4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=Vjl. In case of Icc 4 > changed once or less 

during a fast page mode cycle (tp^). 

6. An initial pause of 200ps is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tT=5ns. 

8. VjH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between Vjh and Vjl. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) and toEz (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

11. Either tRCH or ^rrh must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge 
in Read-Modify-Write cycles. 

13. twcs> tRWD> k:wD> Iawd ^<1 Rpwd ^0 ool restictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If %cs -%cs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If Iryvo-Irwo (min.), 
tcwD^krwD (min.), tAwo-lAWD (min.) and tcpw^tcpwo (min.), (Fast Page Mode), the cycle is a Read- 
Modify-Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the t^co (max.) limit insures that t^^c can be met. tRc^ (max.) is specified as a 

reference point only: If greater than the specified tRco (max.) limit, then access time is controlled 

by Rac- 

15. Operation within the tR^o (max.) limit insures that tR^c (max.) can be met. tR^o (max.) is specified as 
a reference point only: If Iraq is greater than the specified tR^p (max.) limit, then access time is 
controlled by t^A. 
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LOWER BYTE READ CYCLE (EARLY WRITE) 



Note: Din (I/09~ 1/016) = Don't Care 
Dout=OPEN 
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Note: Dqut^OPEN 
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FAST PAGE MODE READ CYCLE 


m 


V|H 

VlL 


OS 


VlH 

V|L 


A0~A7 


V|H 

V|L 


A8R,A9R 

VlL 


DW.IW 


VlH 

Vii 


m 


V|H 

V(L 


1/01 VoH 
-1/016 VoL 



"H* or *L' 


Note: DinsOPEN 


A-380 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 




V|H 

V|L 


OS 


V|H 

Vii 


A0~A7 


V|H 

ViL 


A8R.A9R 

V|L 


UW.tW 


V|H 

V|L 




Note; Oout-OPEN 


'H* or "L 
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FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) 


tRP 





A-382 
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FAST PAGE MODE LOWER BYTE WRITE CYCLE (EARLY WRITE) 


tRP 



Oout = OPEN 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 



A-384 
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FAST PAGE MODE READ-MODIFY-LOWER-BYTE-WRITE CYCLE 
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HIDDEN REFRESH CYCLE 
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Note: Din (I/01 ~l/08) - Don't Care 
Dout = OPEN 


A-390 
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TC514170BJ-70/80 


HIDDEN REFRESH CYCLE (LOWER BYTE WRITE) 



Note: D|n (l/09~ 1/016) = Don't Care 
OouT = OPEN 


'H* or "L- 
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Note: A8R,A9R«'H’or”L' 
Dour “OPEN 


A-392 
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262,144 WORD X 16 BIT DYNAMIC RAM 

DESCRIPTION 

The TC514273BJ is the new generation dynamic RAM organized 262,144 word by 16 bit. The 
TC514273BJ utilizes Toshiba’s CMOS silicon gate process technology as well as advanced circuit techniques 
to provide wide operating margins, both internally and to the system user. Multiplexed address inputs permit the 
TC514273BJ to be packaged in a standard 40 pin plastic SOJ. The package size provides high system bit 
densities and is compatible with widely available automated testing and insertion equipment. System oriented 
features include single power supply of 5V± 10% tolerance, direct interfacing capability with high performance 
logic families such as Schottky TTL. 


FEATURES KEY PARAMETERS 

• 262,144 word by 16 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% with a built- 
in Vbb generator 

• Low Power 

550mW MAX .Operating 
(TC514273BJ-70) 

468mW MAX. Operating 
(TC514273BJ-80) 

5.5mW MAX. Standby 

• Outputs unlatched at cycle end allows two-di¬ 
mensional chip selec tion _ 

• Read -Modify-Write, CAS before RAS refresh, 

RAS-only refresh. Hidden refresh, Write-Per- 
Bit and Fast Page Mode capability 

• All inputs and outputs TTL compatible 

• 512 refresh cycles/8ms 

• Package TC514273BJ : SOJ40-P-400 


ITEM 

TC514273BJ 

-70 

-80 

tRAC 

RAS Access Time 

70ns 

80ns 

Ua 

Column Address 

Access Time 

35ns 

40ns 

ICAC 

^AS Access Time 

20ns 

20ns 

tRC 

Cycle Time 

130ns 

150ns 

tpc 

Fast Page Mode 

Cycle Time 

45ns 

50ns 
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PIN NAME 


A0~A8 

Address Inputs 

R7C5 

Row Address Strobe 

UWB/DW 

Write Per Bit/Read/Upper Byte 
Write Input 

LWB/LW 

Write Per Bit/Read/Lower Byte 
Write Input 

DE 

Output Enable 

W1/I01~W16/I016 

Write Section/ Data Input/Output 

Vcc 

Power (+5V) 

Vss 

Ground 

N.C. 

No Connection 


PIN CONNECTION (TOP VIEW) 

Plastic SOJ 


VccC 

1 

40 

3vss 

wi/ioiC 

2 

39 

]W16/I016 

W2/I02C 

3 

38 

]W15/1015 

W3/I03[ 

4 

37 

]W14/I014 

W4/IO< 

S 

36 

]W13/I013 

VccC 

6 

35 

3Vj, 

ws/iosC 

7 

34 

]W12/I012 

W6/I06C 

8 

33 

]W11/1011 

W7/I07C 

9 

32 

]wio/ioio 

ws/ioaC 

10 

31 

] W9/I09 

N.CC 

It 

30 

]n.c 

LWB/LWC 

12 

29 

In.c. 

UWB/UWC 

13 

28 

]CAS 

RASC 

14 

27 

]OE 

N.CC 

IS 

26 

3a8 

AOC 

16 

25 

1A7 

Al[ 

17 

24 

]A6 

A2C 

IB 

23 

]A5 

A3C 

19 

22 

]A4 

VccC 

20 

21 

3v„ 


s_ 

_ / 
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BLOCK DIAGRAM 


WI/102 W4/I04 W6/I06 W8/I08 WI0/IO10 W12/I012 WIM014 W16A016 



ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 

Bonn 

— 0.5~Vcc+0.5 

V 

1 

Output Voltage 


— 0.5~Vcc+0.5 

V 

1 

Power Supply Voltage 

Vcc 

— 0.5-7.0 

V 

1 

Operating Temperature 

0911111 

0~70 

°c 

1 

Storage Temperature 


— 55-150 

°c 

1 

Soldering Temperature • Time 


260 • 10 

°C • sec 

1 

Power Dissipation 

Pd 

700 

mW 

1 

Short Circuit Output Current 

I 

OUT 

50 

mA 

1 
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RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0-70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP 

MAX 

UNIT 

NOTE 

^cc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

mmm 

Input High Voltage 

2.4 

- 

Vcc+0.5 

V 

2 

ViL 

Input Low Voltage 

-0.5* 

- 

0.8 

V 

2 


*-2.0V at pulse width < 20ns 


D.C. ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX 

UNIT 

NOTES 

I 

CCl 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRC=tRC MIN.) 

TC514273BJ-70 

- 

100 

mA 

3,4 

5 

TC514273BJ-80 

■ 

85 

I 

CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V j jj) 


2 

mA 

■ 

ICC3 

RAS ONLY REFRESH CURRENT Average 
Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=Vjh: tRc=tRc MIN.) 

TC514273BJ-70 

- 

100 

mA 

3,5 

TC514273BJ-80 


85 

I 

CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS =Vjl, CAS,Address Cycling:tpc=tpcMIN.) 

TC514273BJ-70 

- 

70 

mA 

3,4 

5 

TC514273BJ-80 

■■ 

60 

I 

CCS 

STANDBY CURRENT 

Power Supply Standby Current 
(RA5=CA5=Vcc-0.2V) 


1 

mA 

■ 

I 

CC6 

CAS BEFORETIAS REFRESH CURRENT 

TC514273BJ-70 

- 

100 

mA 

3,5 

Average Power Supply Current, CAS Before RAS" 
Mode (RAS, CAS,Cycling: tRc=*PC MIN.) 

TC514273BJ-80 

• 

85 

I 

I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0V<ViN<Vcc, All Other Pins Not Under Test=0V) 

-10 

10 

pA 

■ 

0(L) 

OUTPUT LEAKAGE CURRENT 
(Dqjjj’ is disabled, OV —VouT“^cc) 

-10 

10 

pA 


VOH 

OUTPUT CURRENT 

Output “H” Level Voltage (IouT=-5niA) 

B 

D 

D 


wm 

OUTPUT CURRENT 

Output “L” Level Voltage (IouT=4.2inA) 

- 

0.4 

B 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (Vcc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 


SYMBOL 

PARAMETER 

k:wL 

Write Command to CAS Lead Time 

^DS 

Data Set-Up Time 

^DH 

Data Hold Time 

tREF 

Refresh Period 

twcs 

Write Command Set-Up Time 

k:wD 

CAS to We Delay Time 

^RWD 

RAS to WE Delay Time 

^AWD 

Column Address to WE Delay Time 

*CPWD 

CAS Precharge to WE Delay Time 

k:sR 

CAS Set-Up Time (CaS before Ras Cycle) 

k:HR 

CAS Hold Time (CAS before RAS Cycle) 

tRPC 

RAS to CAS Precharge Time 

k:PT 

CAS Precharge Time (CAS before RAS 
Counter Test Cycle) 

tROH 

RAS Hold Time referenced to OE 

k)EA 

DE Access Time 

k)ED 

DE to Data Delay 

k)EZ 

Output buffer turn off Delay Time from DE 

k)EH 

DE Conunand Hold Time 

k)DS 

Output Disable Set-Up Time 

^MCS 

Masked Write Set-Up Time 

^MRH 

Masked Write Hold Time referenced to RAS 

^MCH 

Masked Write Hold Trme referenced to CAS 

tWBS 

Write Per Bit Set-Up Time 

tWBH 

Write Per Bit Hold Time 

^WDS 

Write Per Bit Selection Set-Up Time 

twDH 

Write Per Bit Selection Hold Time 


TC514273BJ 



CAPACITANCE (Vcc = 5V ± 10%,f = IMHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

Qi 

Input Capacitance (A0~A8) 

- 

5 

pF 

Ci2 

Input Capacitance (RAS, CAS, UWB/DW, LWB/LW,0E)) 

- 

7 

pF 

Co 

Input Capacitance (W1/I01~W16/I016) 

- 

7 

pF 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to 
the device. 

2. All voltages are referenced to Vgs- 

3- Icch Icc 3 - Icc 4 . Icc6 depend on cycle rate. 

Icci> Icc 4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=Vil. In case of Icc 4 . it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 200|is is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume ti=5ns. 

8. VjH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between and Vjl. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) and toEz (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

11. Either tRcn or tRRjj must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to (UWB7) UW, 
(LWB/) LW leading edge in Read-Modify-Write cycles. 

13- twcs’ ^RWD’ k:wD» ^awd ^md tcpwo restictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If %cs >%cs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If tRvvD>tRWD (min.), 
tcwD>'k:wD (min.), tAWD>fAWD (min.) and tcpwp^tcpwDo (min.), (Fast Page Mode), the cycle is a Read- 
Modify-Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifrtion is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the t^cp (max.) limit insures that tj^c can be met. t^co (max.) is specified as a 
reference point only: If tR^o greater than the specified tRco (max.) limit, then access time is controlled 
t>y tcAC- 

15. Operation within the tR^p (max.) limit insures that tR^c (max.) can be met. tR^o (max.) is specified as 
a reference point only: If Iraq is greater than the specified tR^o (max.) limit, then access time is 
controlled by t^A- 

16. Either tj^cH o*" ^mrh reust be satisfied for a byte write cycle. 
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UPPER BYTE WRITE CYCLE (EARLY WRITE) 



Note: Din (W 1/101 ~W8/I08) = Don't Care 
Dour = OPEN 
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WRITE CYCLE (DETCONTROLLED WRITE) 







TC514273BJ-70/80 


UPPER BYTE WRITE CYCLE (DE CONTROLLED WRITE) 



Note: Din (W1/I01~W8/I08) = Don't Care 
Dour » OPEN 


"H" or “L* 


A-404 


TOSHIBA AMERICA EL.ECTRONIC COMPONENTS, INC. 




TC514273BJ-70/80 


LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 



W8/I08 Viu 



Note: 0|N (W9/I09~W 16/1016) = Don't Care 
OouT = OPEN 
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READ-MODIFY-UPPER-BYTE-WRITE CYCLE 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


ftAS 


135 


A0~A8 


DWB/DW, 

LWB/LW 


OE 


W1/I01 

~W16/I0t6 



Note: Doot = OPEN 


: “H* or 'L‘ 
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FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) 


RS5 


C55 


A0~A8 


TJWB/DW 


tWff/tW 



OF 


V.H 

V.t 


IW9/I09 

~W16/1016 ViL 



Note: Din (W1/101~W8/I08) a Don’t Care 
0out = 0PEN 


"H" or "L’ 
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FAST PAGE MODE LOWER BYTE WRITE CYCLE (EARLY WRITE) 




css 


a5~S5 


UWB/DW 


CWBTCW 


C5C 


W1/I01 

-W8/I08 



Note: Din (W9/I09~W 16/1016) = Don’t Care 
Dour = OPEN 


'H' or 'L* 


T^eUIBA AIICDI^A El 


A 


A *4 •« 
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FAST PAGE MODE READ-MODIFY-UPPER-BYTE-WRITE CYCLE 




WI/101 

~W8/I08 



W9/I09 

->W16/I016 
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FAST PAGE MODE READ-MODIFY-LOWER-BYTE-WRITE CYCLE 



A AAA 
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TC514273BJ-70/80 

HIDDEN REFRESH CYCLE (UPPER BYTE WRITE) 






TC514273BJ-70/80 


HIDDEN REFRESH CYCLE (LOWER BYTE WRITE) 


m 




A0~A8 


UWB/UW 


CWB/lW 




W1/I01 

~W8/I08 



Note : Din (W9/I09-~W 16/1016) = Don't Care 
Dout = OPEN 


"H' or 'L' 
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1,048,576 WORD X 16 BIT DYNAMIC RAM 

DESCRIPTION 

The TC5118160AJ/AFT is the new generation dynamic RAM organized 1,048,576 word by 16 bit. The 
TC5118160AJ/AFT utilizes Toshiba’s CMOS silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the system user. Multiplexed address inputs 
permit the TC5118160AJ/AFT to be packaged in 42 pin plastic SOJ. The package provides high system bit 
densities and is compatible with widely available automated testing and insertion equipment. System oriented 
features include single power supply of 5V±10% tolerance, direct interfacing capability with high performance 
logic families such as Schottky TTL. 


FEATURES 

• 1,048,576 word by 16 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% with a built- 
in Vbb generator 

• Low Power 

770mW MAX. Operating 
TC5118160AJ/AZ/AFT/ATR-70 
660mW MAX. Operating 
(TC5118160AJ/AZ/AFT/ATR-80) 
5.5mWMAX. Standby 

• Outputs unlatched at cycle end allows two di¬ 
mensional chip selection 

• Read-Modify-Write, CAS before RaS refresh, 
RAS-only refresh. Hidden refresh and Fast 
Page Mode capability 

• All inputs and outputs TTL compatible 

• 1024 refresh cycles/16ms 

• Package 

TC5118160AJ :SOJ42-P-400 
TC5118160AFT :TSOP50-P-400 


KEY PARAMETERS 



ITEM 

TC5118160AJ/AFT 



-70 

-80 

Irac 

Access Time 

70ns 

80ns 

^AA 

Column Address 

Access Time 

35ns 

40ns 

tcAC 

Access Time 

20ns 

20ns 

^RC 

Cycle Time 

130ns 

150ns 

*PC 

Fast Page Mode 

Cycle Time 

45ns 

50ns 
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PIN NAME 


A0~A9 

Address Inputs 


Row Address Strobe 

UCAS 

Column Address Strobe 
/Upper Byte Control 

LCM 

Column Address Strobe 
/Lower Byte Control 

WRITE 

Read/Write Input 

DE 

Output Enable 

1/01-1/016 

Data Input/Output 

Vcc 

Power (+ 5V) 

Vss 

Ground 

N.C. 

No Connection 


PIN CONNECTION (TOP VIEW) 


Plastic SOJ Plastic TSOP 


Vcc 

1/01 

1/02 

1/03 

1/04 

Vcc 

I/OS 

1/06 

1/07 

1/08 

NC 

NC 

wirre 

m 

NC 

NC 

AO 

A1 

A2 

A3 

Vcc 


1 

42 

■ 

Vss 

2 

41 


1/016 

3 

40 


1/015 

4 

39 


1/014 

S 

38 


1/013 

6 

37 


Vss 

7 

36 


1/012 

8 

35 


1/011 

9 

34 


1/010 

10 

33 


1/09 

11 

32 


NC 

12 

31 


ZSX5 

13 

30 


UUS 

14 

29 



15 

28 


A9 

16 

27 


A8 

17 

26 


A7 

18 

25 


A6 

19 

24 


AS 

20 

23 


A4 

21 

22 

.. 

Vss 
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BLOCK DIAGRAM 


1/02 1/04 1/06 1/08 1/010 1/012 1/014 1/016 



ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RANGES 

UNIT 

NOTE 

Input Voltage 

ViN 

— 0.5~Vcc + 0.5 

V 

1 

Output Voltage 

^OUT 

— 0.5-VCC + 0.5 

V 

1 

Power Supply Voltage 

^CC 

— 0.5-7 

V 

1 

Operating Temperature 

Tqpr 

0-70 

°c 

1 

Storage Temperature 

Tstg 

—55-150 

°c 

1 

Soldering Temperature ’Time 


260 • 10 

• sec 

1 

Power Dissipation 

Pd 

900 

mW 

1 

Short Circuit Ouput Current 

Iqut 

50 

mA 

1 


♦This parameter is periodically sampled and is not 100% tested. 
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RECOMMENDED D.C. OPERATING CONDITIONS (Ta = O-TO'c) 


SYMBOL 

PARAMETER 

MIN. 

TYP 

MAX 

UNIT 

NOTE 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

ViH 

Input High Voltage 

2.4 

— 

Vcc+0.5* 

V 

2 

ViL 

Input Low Voltage 

—0.5** 

— 

0.8 

V 

2 


♦Vcc + 2.0V at pulse width ^ 20ns. (pulse width is measured at Vcc). 
♦*-2.0V at pulse width 5 20ns. (pulse width is measured at OV) 


D.C. OPERATING CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX 

UNIT 

NOTE 

I 

CCl 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRc=tRC MIN.) 

TC5118160AJ/AFr-70 

- 

140 

mA 

3,4 

5 

TC5118160AJ/AFT-80 

■ 

120 

I 

CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V j(j) 

■ 

2 

mA 

■ 

ICC3 

RS5 ONLY REFRESH CURRENT Average 

Power Supply Current, Only Mode 

(RAS Cycling, CAS=Vjpj: tpc^RC MIN.) 

TC5118160AJ/AFT-70 


140 

mA 

3,5 

TC5118160AJ/AFT-80 

■ 

120 

I 

CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS =ViL, CAS, Address Cycling:tpc=tpc MIN.) 

TC5118160AJ/AFT-70 

- 

75 

mA 

3,4 

5 

TC5118160AJ/AFT-80 

■ 

65 

^CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=Vcc*0'2V) 

■ 

1 

mA 


I 

CC6 

CX5 BEFORETUK REFRESH CURRENT 
Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS, Cycling; tRc=tRc MIN.) 

TC5118160AJ/AFT-70 


140 

mA 

3,5 

TC5118160AJ/AFr-80 

■ 

120 

I 

I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input -10 

(0V^,n^ 6.5V, All Other Pins Not Under Test=0V) 

10 

pA 

■ 

0(L) 

OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, OV <Vout^5.5V) 

-10 

10 

pA 



OUTPUT CURRENT 

Output “H” Level Voltage (IouT=-5niA) 

m 

D 

a 

■ 

mn 

OUTPUT CURRENT 

Output “L” Level Voltage (IouT=4.2mA) 

- 

0.4 

D 
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TC5118160Ar/AFT-70/80 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (Vcc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 




TC5118160AJ/AFT 


SYMBOL 

PARAMETER 

- 

-70 

- 

-80 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


W 

Random Read or Write Cycle Time 

130 

— 

150 

— 

ns 

tRMW 

Read-Modify-Write Cycle Time 

180 

— 

200 

— 

ns 

tpc 

Fast Page Mode Cycle Time 

45 

— 

50 

— 

ns 

tpRMW 

Fast Page Mode Read-Modify-Write Cycle Time 

90 

— 

100 

— 

ns 

^RAC 

Access Time from RAS 

— 

70 

— 

80 

ns 

k:AC 

Access Time from CAS 

— 

20 

— 

20 

ns 

^AA 

Acess Time from Column Address 

— 

35 

— 

40 

ns 

k;PA 

Access Time from CAS Precharge 

— 

40 

— 

45 

ns 

tcLZ 

CaS to ouput in Low-Z 

0 

— 

0 

— 

ns 

k)FF 

Output Buffer Turn-off Delay 

0 

15 

0 

15 

ns 

It 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

ns 

tpp 

RAS Precharge Time 

50 

— 

60 

— 

ns 

^RAS 

RAS Pulse Width 

70 

10,000 

80 

10,000 

ns 

^RASP 

RS5 Pulse Width (Fast Page Mode) 

70 

200,000 

80 

200,000 

ns 


RAS Hold Time 

20 

— 

20 

— 

ns 

^RHCP 

RAS Hold Time From CAS Precharge (Fast Page Mode) 

40 

— 

45 

— 

ns 

k:sH 

CAS Hold Time 

70 

— 

80 

— 

ns 

k:AS 

CAS Pulse Width 

20 

10,000 

20 

10,000 

ns 

^RCD 

RAS to CAS Delay Time 

20 

50 

20 

60 

ns 

^RAD 

RAS to Column Address Delay Time 

15 

35 

15 

40 

ns 

k:RP 

CAS to RAS Precharge Time 

5 

— 

5 

— 

ns 

tcp 

CAS Precharge Time 

10 

— 

10 

— 

ns 

^ASR 

Row Address Set-Up Time 

0 

— 

0 

— 

ns 

^RAH 

Row Address Hold Time 

10 

— 

10 

— 

ns 

Use 

Column Address Set-Up Time 

0 

— 

0 

— 

ns 

^AH 

Column Address Hold Time 

15 

— 

15 

— 

ns 

^RAL 

Column Address to RAS Lead Time 

35 

— 

40 

— 

ns 

Ucs 

Read Command Set-Up Time 

0 

— 

0 

— 

ns 

UCH 

Read Command Hold Time 

0 

— 

0 

— 

ns 

^RRH 

Read Command Hold Time referenced to RaS 

0 

— 

0 

— 

ns 
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TC5118160AF/AFT-70/80 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (CONT) 


SYMBOL 

PARAMETER 

WCH 

Write Command Hold Time 

twp 

Write Command Pulse Width 

tRWL 

Write Command to Ras Lead Time 

k:wL 

Write Command to CAS Lead Time 

tos 

Data Set-Up Time 

^DHS 

Data Hold Time 

tREF 

Refresh Period 

twcs 

Write Command Set-Up Time 

tcWD 

Cas to Wri'I'E Delay 

^RWD 

RAS to WKi'l E Delay 

^AWD 

Column Address to WKl'l ti Delay Time 

tcPWD 

Cas Precharge to Wri'I'E Delay Time 

^CSR 

CAS Set-Up Time 
(CAS before RAS Cycle) 

tCHR 

CAS Hold Time 
(Cas before RAS Cycle) 

tRPC 

RAS to CAS Precharge Time 

tcPT 

Cas Precharge Time (CAS before RAS Counter Test 
Cycle 

tROH 

RAS Hold Time referenced to DE 

k)EA 

DE Access Time 

k)ED 

DE to Data Delay 

k)EZ 

Output buffer turnoff Delay Time from DE 

k)EH 

DE Command Hold Time 

k)DS 

Output Disable Set-Up Time 


TC5118l60AJ/AFr 



CAPACITANCE (Vcc = 5V ± 10%, f = IMHz, TA = 0~70°C) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

Qi 

Input Capacitance(A0~A9) 

— 

5 

pF 

Ci2 

Input Capacitance (RAS, UCAS, LCAS, WKl l E, OH) 

— 

7 

pF 

Co 

Input/Output Capacitance (l/OI~l/OI6) 

— 

7 

pF 
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TC5118160AF/AFr-70/80 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to 
the device. 

2. All voltages are referenced to Vss- 

3- Icci- Icc 3 > Icc 4 > Icc6 depend on cycle rate. 

4. Iqcj, Icc 4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=Vil. In case of Icc 4 , it can be changed once or less 
during a fast page mode cycle (tp^). 

6. An initial pause of 200ps is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tT=5ns. 

8. VjH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between Vj^ and Vjl. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) and toEZ (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

11. Either tR^H o*' Wh must be satisfied for a read cycle. 

12. These parameters are referenced to UCAS or LAS leading edge in early write cycles and to WRITE 
leading edge in Read-Modify-Write cycles. 

13. Wes* Irwd* tewD’ Iawd und tcp^o not restictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If Wes ^Wes (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If tRWD>tRWD (min.), 
tcwD>tcwD (min.), tAWD>tAWD (min.) and tepwp>tcpwDD (min.), (Fast Page Mode), the cycle is a Read- 
Modify-Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the tRcp, (max.) limit insures that tR^c can be met. tR^o (max.) is specified as a 
reference point only: If Ir^d is greater than the specified tR^p (max.) limit, then access time is controlled 
I’y IcAC- 

15. Operation within the tR^o (max.) limit insures that tp^c (max.) can be met. tR^o (max.) is specified as 
a reference point only: If tR^u is greater than the specified tR^o (max.) limit, then access time is 
controlled by t^A- 
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READ CYCLE 




"H* or *L' 
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TC5118160AF/AFT-70/80 


LOWER BYTE READ CYCLE 



OE 


1/01 

-1/08 



1/09 '^OH- 

-1/016 VoL—' 


OPEN 


Note: Din (1/01-1/08) s OPEN 

Din (1/09-1/016) = Don't Care 
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TC5118160AF/AFT-70/80 


UPPER BYTE WRITE CYCLE (EARLY WRITE) 









TC511816Q/VI/AFr-70/80 


LOWER BYTE WRITE CYCLE (EARLY WRITE) 



Nott; 0iN(l/09->l/016)3 0on'tCar« 
OouT - OPEN 



'H* or 'L* 
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TC5118160AF/AFT-70/80 


WRITE CYCLE (DE CONTROLLED WRITE) 



Note: Dour » OPEN ^: 'H' or 'L‘ 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


[33 








TC511816CIAJ/AFT-70/80 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 








TC5118160AJ/AFT-70/80 













TC511816Q^/AFr-70/80 


READ-MODIFY-WRITE CYCLE 





Note; Din (I/01~ 1/08) = Don't Care 
Dout(I/01~I/08) =0PEN 


“H" or "L” 
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TC5118160AJ/AFT-70/80 



DCS, 

ICS 


A0-A9 


WRITE 


(5E 


1/01 

-1/016 



Note: Dout ® OPEN 


: 'H' or “L‘ 



TC511816Q/U/AFT-70/80 


FAST PAGE MODE BYTE READ CYCLE 



K_AAf\ 


T/^eUIBA AilBDI/^A Cl Cr^rB/^Mir^ /^IMiD/MJCKITC 
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FAST PAGE MODE BYTE READ-MODIFY-WRITE CYCLE 
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TC5118160Ar/AFT-70/80 


HIDDEN REFRESH CYCLE (READ) 



Nott: Din ■ OPEN : *H* or 'L‘ 


HIDDEN REFRESH CYCLE (WRITE) 






TC5118160A[/AFr-70/80 


css BEFORE RS5 REFRESH COUNTER TEST READ CYCLE 



CSS BEFORE RSS REFRESH COUNTER TEST WRITE CYCLE 



Note: Dour*OPEN “H* or “L‘ 
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CAS BEFORE R5S REFRESH COUNTER TEST READ-MODIFY-WRITE CYCLE 
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1,048,576 WORD X 16 BIT DYNAMIC RAM 

DESCRIPTION 

The TC5116160AJ/AFT is the new generation dynamic RAM organized 1,048,576 word by 16 bit. The 
TC5116160AJ/AFT utilizes Toshiba’s CMOS silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the system user. 

Multiplexed address inputs permit the TC5116160AJ/AFT to be packaged in a standard 42 pin plastic SOJ, 
and 50/44 pin plastic TSOP. The package size provides high system bit densities and is compatible with widely 
available automated testing and insertion equipment. System oriented features include single power supply of 
5V± 10% tolerance, direct interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES 

• 1,048,576 word by 16 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% with a built- 
in VgB generator 

• Low Power 

523mW MAX. Operating 
(TC5116160AJ/AFT-60) 

440mW MAX. Operating 
(TC5116160 AJ/AFT-70) 

385mW MAX. Operating 
(TC5116160AJ/AFT-80) 

5.5mW MAX. Standby 

• Outputs unlatched at cycle end allows two-di¬ 
mensional chip selec tion 

• Read -Modify-Write, CAS before RAS refresh, 
RAS-only refresh. Hidden refresh, and Fast 
Page Mode capability 

• All inputs and outputs TTL compatible 

• 4096 refresh cycles/16ms 

• Package TC5116160AJ : SOJ42-P-400 

TC5116160AFT: TSOP20-P-400 


KEY PARAMETERS 


ITEM 

TC5116160 AJ/AFT 

-60 

-70 

-80 

tRAC 

Access Time 

60ns 

70ns 

80ns 

^AA 

Column Address 

Access Time 

30ns 

35ns 

40ns 

*CAC 

Access Time 

15ns 

20ns 

20ns 

tRC 

Cycle Time 

110ns 

130ns 

150ns 

tpc 

Fast Page Mode 

Cycle Time 

40ns 

45ns 

50ns 
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TC51161610AJ/AFT-60/70/80 


I 


PIN NAME 


A0~A11 

Address Inputs 


Row Address Strobe 

UCAS 

Column Address Strobe /Upper 
Byte Control 

LCAS 

Column Address Strobe /Lower 
Byte Control 

WRITE 

Read/Write Input 

DE 

Output Enable 

1/01-1/016 

Data Input/Output 

Vcc 

Power (+5V) 

Vss 

Ground 

N.C. 

No Connection 


PIN CONNECTION (TOP VIEW) 


Vcc 

1/01 

1/02 

1/03 

V04 

Vcc 

1A)5 

U06 

i/07 

1/08 

NC 

NC 

WRITE 

JaS 

A11R 

A10R 

AO 

A1 

A2 

A3 

Vcc 


Vss 

1/016 

i/015 

i/014 

i/013 

Vss 

i/012 

i/011 

i/OlO 

i/09 

NC 

iro 

DTO 

A9R 

A8R 

A7 

A6 

AS 

A4 

Vss 


Plastic SOJ 


1 

42 

2 

41 

3 

40 

4 

39 

5 

38 

6 

37 

7 

36 

8 

35 

9 

34 

10 

33 

11 

32 

12 

31 

13 

30 

14 

29 

15 

28 

16 

27 

17 

26 

18 

25 

19 

24 

20 

23 

21 

22 




NC 

NC 


WRTg 

A11R 

A1UR 


Plastic TSOP 

C 1 

50 3 

; 2 

49 3 

: 3 

483 

;4 

47 3 

: 5 

463 

: 6 

45 3 

: 7 

443 

: 8 

43 3 

[ 9 

42 3 

[ 10 

413 

C 11 

403 

C 15 

363 

Z 16 

35: 

C 17 

343 

C 18 

33: 

C 19 

323 

C 2U 

313 

C 21 

30; 

C 22 

29 3 

C 23 

28 3 

C 24 

27: 

C 25 

26 3 
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BLOCK DIAGRAM 


1/02 1/04 1/06 1/08 

o o o o 

1/01 I 1/03 i 1/05 A 1/07 A 


1/010 1/012 1/014 1/016 

1/09 ? 1/011 A 1/013? 1/015? 



ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

Input Voltage 

ViN 

Output Voltage 

Vqut 

Power Supply Voltage 

^CC 

Operating Temperature 

Tqpr 

Storage Temperature 


Soldering Temperature • Time 


Power Dissipation 

Pd 

Short Circuit Output Current 

I 

OUT 


RATING UNIT NOTE 


— 0.5~Vcc+0.5 V I 


— 0.5~Vcc+0.5 V I 


1 


0~70 °C 1 


-55-150 °C 1 


260* 10 °C*sec 1 


900 mW 1 


50 mA 1 
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TC51161610AJ/AFT-60/70/80 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0-70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP 

MAX 

UNIT 

NOTE 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

ViH 

Input High Voltage 

2.4 

- 

Vcc+0.5* 

V 

2 

ViL 

Input Low Voltage 

-0.5** 

- 

0.8 

V 

2 


*Vcc+2.0V at pulse width ^20ns (pulse width measured at Vcc)- 
**-2.0V at pulse width ^Ons (pulse width measured at Vcc). 


D.C. ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70‘’C) 


SYMBOL 

PARAMETER 

MIN. 

MAX 

UNIT 

NOTE 

1 

CCl 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRc=^RC MIN) 

TC511610AJ/AZ/AFTAFTR-60 

- 

95 

mA 

3,4 

5 

TC511610AJ/AZ/AFTAFTR-70 

- 

80 

TC511610AJ/AZ/AFTAFTR-80 

- 

70 

1 

CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V j j{) 

■ 

2 

mA 

■ 

1 

CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=Vjjj; tRc=tRC MIN.) 

TC511610AJ/AZ/AFTAFTR-60 

- 

95 

mA 

3,5 

TC511610AJ/AZ/AFTAFTR-70 

- 

80 

TC511610AJ/AZ/AFTAFTR-80 

- 

70 

1 

CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS =Vil, CAS, Address Cycling: tpc=tpc MIN.) 

TC511610AJ/AZ/AFTAFTR-60 

- 

75 

mA 

3,4 

5 

TC511610AJ/AZ/AFTAFTR-70 

- 

65 

O 

00 

- 

55 

1 

CCS 

STANDBY CURRENT 

Power Supply Standby Current 
{RAS=CAS=V(;;(^-0.2V) 

■ 

1 

mA 

■ 

1 

CC6 

CAS BEFORETIAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS, Cycling: tRc=*RC MIN.) 

TC511610AJ/AZ/AFTAFTR-60 

- 

95 

mA 

3,5 

TC511610AJ/AZ/AFTAFTR-70 

- 

80 

TC511610AJ/AZ/AFTAFTR-80 

- 

70 

I 

I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(OV^IN^O.SV, All Other Pins Not Under Test=OV) 

-10 

10 

pA 

■ 

0(L) 

OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, (OVSVqut^S.SV), 

-10 

10 

pA 


VOH 

OUTPUT LEVEL 

Output “H” Level Voltage (louT=-5inA) 

m 

- 

D 

■ 

VoL 

OUTPUT LEVEL 

Output “L” Level Voltage (louT^-^mA) 

a 

0.4 

D 
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TC5116160AI/AFT-60/70/80 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (Vcc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 





SYMBOL 

PARAMETER 




MIN 

Irc 

Random Read or Write Cycle Time 

no 

^RMW 

Read-Modify-Write Cycle 

135 

tpc 

Fast Page Mode Cycle Time 

45 

tpRMW 

Fast Page Mode Read-Modify- 
Write Cycle Time 

70 

^RAC 

Access Time from RAS 

• 

tcAC 

Access Time from CAS 

- 

Ua 

Access Time from Column Address 

- 

k:PA 

Access Time from CAS Precharge 

- 

tcLZ 

CAS to Output in Low-Z 

0 

toFF 

Output Buffer Turn-off Delay 

0 

tj 

Transition Time (Rise and Fall) 

3 

^RP 

RAS Presharge Time 

40 

tRAS 

RAS Pulse Width 

60 

tRASP 

RAS Pulse Width (Fast Page Mode) 

60 

tRSH 

RAS Hold Time 

15 

tRHCP 

RAS Hold Time From CAS 
Precharge (Fast Page Mode) 

35 

k:sH 

CAS Hold Time 

60 

k:AS 

CAS Pulse Width 

15 

tRCD 

RAS to CAS Delay Time 

20 

Irad 

RAS to Column Address Delay 

Time 

15 

k:RP 

CAS to RAS Precharge Time 

5 

tcp 

CAS Precharge Time 

10 

UsR 

Row Address Set-Uup Time 

0 

^RAH 

Row Address Hold Time 

10 

Use 

Column Address Set-Up Time 

0 

tcAH 

Column Address Hold Time 

10 

tRAL 

Column Address To RAS Lead 

Time 

30 

Ucs 

Read Command Set-Up Time 

0 

UCH 

Read Command Hold Time 

0 

tRRH 

Read Command Hold Time refer¬ 
enced to raS 

0 




UNIT 


ns 

ns 

ns 

ns 

ns 

ns 

ns 

- 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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TC51161610AJ/AFT-60/70/80 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 



CAPACITANCE (Vcc = 5V ± 10%, f = IMHz, Ta = 0~70°C) 

SYMBOL PARAMETER MIN MAX UNIT 

Cii Input Capacitance (A0~A11) - 5 

Ci 2 Input Capacitance (RAS, UCas, LCAS, WKl lE, DE) - 7 pF 

Cq Input Capacitance (I/O 1~I/0 16) - 7 
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TC5116160Ar/AFT-60/70/80 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to 
the device. 

2. All voltages are referenced to Vgs- 

3. Icci) Icc 3 > Icc 4 ' ^CC6 depend on cycle rate. 

Icci’ ^CC 4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=Vil. In case of Icc 4 . it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 200ps is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tT=5ns. 

8. Vjjj (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between Vjh and Vjl. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) and Iqez (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

11. Either tj^^jj or tRjjjj must be satisfied for a read cycle. 

12. These parameters are referenced to UCAS or LCAS leading edge in early write cycles and to WRITE 
leading edge in Read-Modify-Write cycles. 

13- %cs> tRWD’ tcwD> UwD k:pwD ^ restictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If %cs ^wcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If tj^^^tj^WD (min.), 
tcwD-k:wD (min.), Iawd-^awd (min.) and tcpwp^tcPWD (min.), (Fast Page Mode), the cycle is a Read- 
Modify-Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the t^cD (max.) limit insures that tj^^c can be met. tRco (max.) is specified as a 
reference point only: If tj^co is greater than the specified tRCp (max.) limit, then access time is controlled 
by icAC- 

15. Operation within the tj^^o (max.) limit insures that tj^^c (max.) can be met. tj^^o (max.) is specified as 
a reference point only: If tjL\D is greater than the specified tj^a^D (max.) limit, then access time is 
controlled by t^. 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


A-455 




TC51161610AJ/AFT-60/70/80 


TIMING WAVEFORMS 
READ CYCLE 



Note: Din » OPEN : *H' or *L' 
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1/09 '^OH 
-1/016 VoL 
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LOWER BYTE READ CYCLE 



1/09 ''oh- 

~l/016 VoL — 


OPEN 


Note: 0|N (1/01 ~l/08) = OPEN 

Din(I/09~I/016) s Don't Care 
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UPPER BYTE WRITE CYCLE (EARLY WRITE) 



“H* or -L‘ 

Note: OiN (1/01 ~i/08) * Don't Care 
Dour = OPEN 
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TC5116160AJ/AFT-60/70/80 


UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 
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UPPER BYTE READ-MODIFY-WRITE CYCLE 


1 ^ 


DC2S 


WS 


A0~A7 


-AllR 


WRITE 


BE 




Note: D,n(I/ 01-1/08) * Don't Care 
Dout (1/01-1/08) *OPEN 
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LOWER BYTE READ-MODIFY-WRITE CYCLE 


IDS 



tWMW 




y' 


tS£_ 


DCS 




A0~A7 


A8R 

-A11R 


WRITE 


OE 


1/01 

-.1/08 



Note: Din (l/09~l/016) X Don't Care 
Dout(>/09~I/016) xOPEN 


: “H* or -L' 
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FAST PAGE MODE READ CYCLE 


Jb&sl. 




V|H— 
V,L - 




ros viL —y t nAH 


A0-A7 





JcrM I. tRcp 


JCSL 


Jec 


j£E_ 


JSStL 




tCRP 





1/01 

-1/016 VoL- 


Note: Din > OPEN 


“H* or "L* 
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FAST PAGE MODE BYTE READ CYCLE 



1/01 - 


■ 

-1/08 VoL- 

, tRAC 

Bi 

1/09 - 






~l/016 VoL- 

Nott: Din « OPEN 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


m 


UOT, 

ICS 


A0~A7 


A8R 

-A11R 


WRITE 


m 


V01 

-W)16 



Note: Oqut • OPEN 



A-468 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 





TC5116160AI/AFT-60/70/80 


FAST PAGE MODE BYTE WRITE CYCLE (EARLY WRITE) 



Note: DouT * OPEN 


or “L* 
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FAST PAGE MODE BYTE READ-MODIFY-WRITE CYCLE 


m 


V|H 

V|i 


DOB 


V|H 

Vit 


roc ViH 

Vu. 


A0-A7 


ViH 

ViL 


A8R V|N 
-A11R v,i 


whtte'''” 

Vil 


OE 


V|H 

V|L 


1/01 

-i/oa 


V,H 

V.t 



VoH 

VoL 

N 


/ 

V.H - 

V|L —■ 
V09 
--I/016 

VoH - 

VoL —■ 


tOEO 

** 1 « 0 S 




hoEd 
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HIDDEN REFRESH CYCLE (WRITE) 




Note: OouT ■ OPEN 
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css BEFORE BSS REFRESH COUNTER TEST WRITE CYCLE 



Not*; A8R~A11R»*H*or*L* : *H* or "L‘ 

Dour “OPEN 
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css BEFORE RSS REFRESH COUNTER TEST READ-MODIFY-WRITE CYCLE 
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1,048,576 WORD X 18 BIT DYNAMIC RAM 

DESCRIPTION 

The TC5118180AJ/FT is the new generation dynamic RAM organized 1,048,576 word by 18 bit. The 
TC5118180AJ/AFT utilizes Toshiba’s CMOS silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the system user. Multiplexed address inputs 
permit the TC5118180AJ/AFT to be packaged in a standard 40 pin plastic SOJ, and 50/44 pin plastic TSOP. 
The package size provides high system bit densities and is compatible with widely available automated testing 
and insertion equipment. System oriented features include single power supply of 5V± 10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL, 

FEATURES 

• 1,048,576 word by 4 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% with a built- 
in Vbb generator 

• Low Power 

825mW MAX .Operating 
(TC5118180AJ/AFT-70) 

715mW Max. Operating 
TC5118180AJ/AFT-80 
5.5mW Max. Standby 

• Outputs unlatched at cycle end allows two-di¬ 
mensional chip selec tion _ 

• R^d -Modify-Write, CAS before RAS refresh, 

RAS-only refresh. Hidden refresh. Fast Page 
Moode capability 

• All inputs and outputs TTL compatible 

• 1024 refresh cycles/16ms 

• Package TC5118180AJ ; SOJ42-P-400 

TC5118180AFT; TSOP50-P-400 


KEY PARAMETERS 



ITEM 

TC5118180AJ/AFT 


-70 

-80 

tRAC 

Access Time 

70ns 

80ns 

^AA 

Column Address 

Access Time 

35ns 

40ns 

*CAC 

Access Time 

20ns 

20ns 

^RC 

Cycle Time 

130ns 

150ns 

tpc 

Fast Page Mode 

Cycle Time 

45ns 

50ns 
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PIN NAME 


A0~A9 

Row Address Strobe 

RA5 

Row Address Strobe 

UCAS 

Upper Byte Control 

LCAS 

Lower Byte Control 

WRITE 

Read/Write Input 

DE 

Output Enable 

1/01-1/018 

Data Input/Output 

Vcc 

Power (+ 5V) 

Vss 

Ground 

N.C. 

No Connection 


PIN CONNECTION (TOP VIEW) 


Vcc 

1/01 

1/02 

1/03 

1/04 

Vcc 

t/05 

1/06 

1/07 

1/08 

1/09 

NC 

W? 

NC 

NC 

AO 

A1 

A2 

A3 

Vcc 


Plastic SOJ 


1 

42 

2 

41 

3 

40 

4 

39 

5 

38 

'6 

37 

7 

36 

8 

35 

9 

34 

10 

33 

11 

32 

12 

31 

13 

30 

14 

29 

15 

28 

16 

27 

17 

26 

18 

25 

19 

24 

20 

23 

21 

22 


Plastic TSOP 


Vccd 
1/01 
1/02 q 3 
1/03 c 
1/04 C 

Vcc C 6 
1/05 C ■ 
1/06 C 8 
1/07 C 9 
1/08 C 
1/09 C 



Vss 

1/018 

1/017 

1/016 

1/015 

I/Sl4 

1/013 

1/012 

1/011 

1/010 


36p NC 
356 uro 
34puro 
336 OE 

326 A9 
31P A 8 
A7 
pA6 
3A5 
3 A4 
3 Vss 


A-480 
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BLOCK DIAGRAM 



ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 

^IN 

— 0.5~Vcc + 0.5 

V 

1 

Output Voltage 

^OUT 

— 0.5~Vcc + 0.5 

V 

1 

Power Supply Voltage 

Vcc 

— 0.5-7 

V 

1 

Operating Temperature 

Tqpr 

_I 


°c 

1 

Storage Temperature 


-55-150 

°c 

1 

Soldering Temperature • Time 


260 • 10 

°C • sec 

1 

Power Dissipation 

Pd 

900 

mW 

1 

Short Circuit Output Current 

I 

OUT 

50 

mA 

1 


rncuiRA AMPDirA pi prrnnMir rnuDnuPAiTS iNr a.ari 
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RECOMMENDED D.C. OPERATING CONDITION (Ta = 0-70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP 

MAX 

UNIT 

NOTE 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

ViH 

High Level Input Voltage 

2.4 

- 

Vcc+0.5* 

V 

2 

ViL 

Low Level Input Voltage 

-0.5** 

- 

0.8 

V 

2 


* Vcc + 2.0V at pulse width ^ 20ns. (pulse width is measured at V^c) 
♦♦ -2.0V at pulse width < 20ns. (pulse width is measured at OV) 


D.C. OPERATING CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 


1 

CCl 

OPERATING CURRENT 

Aveiage Power Sifildy (Dpeialing Cunent 

TC51I8180AJ/AFT-70 

- 

150 

mA 

3,4 

5 

TC5118180AJ/AFT-80 

- 

130 

(RAS, UCAS, LC AS Addis. Cycling; Irc^C MIN) 



1 

CC2 

STANBY CURRENT 

Power Supply Standby Current 
(RAS=UCAS=LCAS=V jj^) 


2 

mA 

■ 



1 

CC3 

RS5 ONLY REFRESH CURRENT 

Average Power SifiplyCiinent (RAS Only Mode 

TC5118180AJ/AFT-70 

- 

150 

mA 

3,5 

TC5118180AJ/AFT-80 

- 

130 

(RAS, cycling, UCAS,=LC AS Vjj^: 



'cC4 

FAST PAGE MODE CURRENT 

Average Power Si^ly Cunent, Fast Page Mode 

TCSn8180AJ/AFT-70 

- 

85 

mA 

3.4,5 

TC5n8180AJ/AFr-80 

- 

75 

(RAS= Vm UCAS, LCAS Addis.Cycling: tpc=%c MIN) 



'cC5 

STANDBY CURRENT 

Power Supply Standby Current, 

(RAS=UC5^=ECSS= Vcc-0.2V) 

■ 

1 

mA 

■ 

1 

CC6 

CAS BEFORE RAS REFRESH CURRENT 
Average Power Supply Current, CAS Before 

TC5n8180AJ/AFr-70 

- 

150 

mA 

3,5 

TC5U8180AJ/AFT-80 

- 

130 

RAS Mode (RAS, UCAS ljCAS,Cycling: tRc=tRc 



1 

I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OV< Viis[< Vcc> All Other Pins Not Under Test=OV 

-10 

10 

pA 





OUTPUT LEAKAGE CURRENT 
(Dqut disabled, < OV^ Vqut ^ V^c 

-10 

10 

pA 


VOH 

OUTPUT LEVEL 

(Output “H” Level Voltage ( out = 5tnA) 

2.4 

■ 

B 

B 

VoL 

OUTPUT LEVEL 

(Output “H” Level Voltage ('out = 4.2mA) 

- 

0.4 

B 

B 


CAPACITANCE *(Tcc= 5V± 10%, f = IMHz, Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

Qi 

Input Capacitance (AO ~A9) 

- 

5 

pF 

Ci2 

Input Capacitance (RAS, UCAS, LCAS, WKllE, OE) 

- 

7 

pF 

Co 

Input/Output Capacitance (1/01-1/018) 

- 

7 

pF 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING CONDITIONS 
(Vcc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 


SYMBOL 

PARAMETER 

TC5118180AJ/AFT 

UNIT 

NOTES 

-70 

-80 

MIN 

MAX. 

MIN 

MAX 

tRC 

Random Read or Write Cycle Time 

130 

- 

150 

- 

ns 


tRMW 

Read-Modify-Write Cycle 

185 

- 

205 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

45 

- 

50 

- 

ns 


tpRMW 

Fast Page Mode Read-Modify-Write Cycle Time 

100 

- 

105 

- 

ns 


tRAC 

Access Time from RAS 

- 

70 

- 

80 

ns 

9,14,15 

*CAC 

Access Time from CAS 

- 

20 

- 

20 

ns 

9,14 

^AA 

Access Time from Column Address 

- 

35 

- 

40 

ns 

9,15 

tcPA 

Access Time from CAS Precharge 

- 

40 

- 

45 

- 

9 

tCLZ 

CAS to Output in Low-Z 

0 

- 

0 

- 

ns 

9 

k)FF 

Output Buffer Turn-off Delay 

0 

15 

0 

15 

ns 

10 


Transition Time (Rise and Fall) 

3 

50 

3 

50 

ns 

8 

^RP 

RAS Presharge Time 

50 

- 

60 

- 

ns 


^RAS 

RAS Pulse Width 

70 

10,000 

80 

10,000 

ns 


^RASP 

RAS Pulse Width (Fast Page Mode) 

70 

100,000 

80 

100,000 

ns 


^RSH 

RAS Hold Time 

20 

- 

20 

- 

ns 


tRHCP 

RAS Hold Time From CAS 

Precharge (Fast Page Mode) 

40 

■ 

45 

" 

ns 


k:sH 

CAS Hold Time 

70 

- 

80 

- 

ns 


k:AS 

CAS Pulse Width 

20 

10,000 

20 

10,000 

ns 


^RCD 

RAS to CAS Delay Time 

20 

50 

20 

60 

ns 

14 

tRAD 

RAS to Column Address Delay Time 

15 

35 

15 

40 

ns 

15 

k;RP 

CAS to RAS Precharge Time 

5 

- 

5 


ns 


tcp 

CAS Precharge Time 

10 

- 

10 

- 

ns 


^ASR 

Row Address Set-Up Time 

0 

- 

0 

- 

ns 


tRAH 

Row Address Hold Time 

10 

- 

10 

- 

ns 


^ASC 

Column Address Set-Up Time 

0 

- 

0 

- 

ns 


tcAH 

Column Address Hold Time 

10 

- 

15 

- 

ns 


^RAL 

Column Address To RAS Lead Time 

35 

- 

40 

- 

ns 


^RCS 

Read Command Set-Up Time 

0 

- 

0 

- 

ns 


tRCH 

Read Command Hold Time 

0 

- 

0 

- 

ns 

11 

tRRH 

Read Command Hold Time referenced to RAS 

0 

- 

0 

- 

ns 

11 

%CH 

Write Command Hold Time 

15 

- 

15 

- 

ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 


SYMBOL 

PARAMETER 

TC5118180AJ/AFT 

UNIT 

NOTES 

-70 

-80 

MIN 

MAX 

MIN 

MAX 

w 

Write Command Pulse Width 

15 

- 

15 

- 

ns 


tRWL 

Write Command to RAS Lead Time 

20 

- 

20 

- 

ns 


k:wL 

Write Command to CAS Lead Time 

20 

- 

20 

- 

ns 


^DS 

Data Set-Up Time 

0 

- 

0 

- 

ns 

12 

^DH 

Data Hold Time 

15 

- 

15 

- 

ns 

12 

tREF 

Refresh Period 

- 

8 

- 

8 

ns 


twcs 

Write Command Set-Up Time 

0 

- 

0 

- 

ns 

13 

tcWD 

CAS to WRl'lE Delay Time 

50 

- 

50 

- 

ns 

13 

^RWD 

RAS to WKl l E Delay Time 

100 

- 

no 

- 

ns 

13 

^AWD 

Column Address to WE Delay Time 

65 

- 

70 

- 

ns 

13 

tcPWD 

CAS Precharge to WRl'lE Delay Time 

70 

- 

75 

- 

ns 

13 

*CSR 

CAS Set-Up Time (CAS before RAS Cycle) 

5 

- 

5 

- 

ns 


k:HR 

CAS Hold Time (CAS before RAS Cycle) 

15 

- 

15 

- 

ns 


^RPC 

RAS to CAS Precharge Time 

5 

- 

5 

- 

ns 


k:PT 

CAS Precharge Time (CAS before RAS 
Counter Test Cycle 

30 

a 

30 

a 

ns 


^ROH 

RAS Hold Time referenced to OE 

10 


10 


ns 


k)EA 

DE Access Time 

- 

20 

0 

20 

ns 

9 

k)ED 

DE to Data Delay 

20 


20 

- 

ns 


k)EZ 

Output buffer turn off Delay Time from DE 

0 

20 

0 

20 

ns 

10 

k)EH 

DE Command Hold Time 

20 

- 

20 

- 

ns 


k)DS 

Output Disable Set-Up Time 

0 

- 

0 

- 

ns 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to 
the device. 

2. All voltages are referenced to Vsg- 

3- Icci. Icc 3 . Icc 4 . Icc6 depend on cycle rate. 

4. Icci, Icc 4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=Vjl. In case of Icc 4 . it can be changed once or less 
during a fast page mode cycle (tp^). 

6. An initial pause of 200ps is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tx=5ns. 

8. VjH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between Vjh and Vjl. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) and toEz (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

11. Either tpcH ^rrh tie satisfied for a read cycle. 

12. These parameters are referenced to UCAS or LCAS leading edge in early write cycles and to WRITE 
leading edge in Read-Modify-Write cycles. 

%CS’ IrwD’ icwD’ Iawd t^pwo restictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If %cs -twcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If Irvvd-Irwd (min.), 
tcwD-tcwD (min.), t^wo^AWD (min.) and tcpwp^krpWD (min.), (Fast Page Mode), the cycle is a Read- 
Modify-Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the tp^o (max.) limit insures that t^^c can be met. tRcp, (max.) is specified as a 
reference point only: If Ircq is greater than the specified tRco (max.) limit, then access time is controlled 
by tcAC- 

15. Operation within the tpAp, (max.) limit insures that tj^c (max.) can be met. tj^o (max.) is specified as 
a reference point only: If tpAp, is greater than the specified tRAD (max.) limit, then access time is 
controlled by t^A. 
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TC5118180AJ/AFT-70/80 



1/010 ''oh— 

-1/018 VoL — 


OPEN 


Note: Din (1/01 -1/09) = OPEN 

Din (1/010-1/018) * Don't Care 



A-488 
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WRITE CYCLE (EARLY WRITE) 



or -L' 

Note: Dout ■ OPEN 
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LOWER BYTE WRITE CYCLE (EARLY WRITE) 









TC5118180AJ/AFT-70/80 



Note: Dout * OPEN 
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UPPER BYTE WRITE CYCLE (DE CONTROLLED WRITE) 
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Note: 0||)t (I/010~ 1/018) z Don't Care 
Dout(I/O10~I/O18) =0PEN 
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LOWER BYTE READ-MODIFY-WRITE CYCLE 
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FAST PAGE MODE BYTE READ CYCLE 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 






ViH—■ 
Vit 




JCRP 



Jrcd 


1^_tpc__tjc_^ 

_-J -tcp -tcp , ■ - tRSH ^ tojP 


A0~A9 


WRITE 




Not*: Dout ■ OPEN 


•H' or 'L' 


A-500 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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FAST PAGE MODE BYTE WRITE CYCLE (EARLY WRITE) 




tup 




Note: Dout — OPEN 


'H* or ’I' 


TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 
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ESS ONLY REFRESH CYCLE 



Dour-OPEN 


CS5 BEFORE ESS ONLY REFRESH CYCLE 



1 / 01 - 

1/018 



Note: 


WRlY6, SE, A0~A9 = "H' or ”L’ 


•H* or *L 


Din s Don't Care 

CA$ before RAS refresh is performed when either UCA^ or LCAS meets this timing. 


A-504 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC5118180AJ/AFT-70/80 


HIDDEN REFRESH CYCLE (READ) 




Note: Din » OPEN 


'H* or "L* 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


A-505 




TC5118180AJ/APT-70/80 


HIDDEN REFRESH CYCLE (WRITE) 




Note: Dqut — OPEN 


•H* or *1* 


A-506 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 




TC5118180AI/AFT-70/80 


css BEFORE H5S REFRESH COUNTER TEST READ CYCLE 



rnSHIRA AMPRirA PI PCTRONIR COMPONPNTS. INC. 


A-.c;n7 
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TOSHIBA 


TC5116180AJ/AFT-60/70/-80 

1,048,576 WORD X 18 BIT DYNAMIC RAM 

DESCRIPTION 

The TC5116180AJ/AFT is the new generation dynamic RAM organized 1,048,576 word by 18 bit. The 
TC5116180AJ/AFT utilizes Toshiba’s CMOS silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the system user. Multiplexed address inputs 
permit the TC5116180AJ/AFT to be packaged in a standard 42 pin plastic SOJ, and 50/44 pin plastic TSOP. 

The package size provides high system bit densities and is compatible with widely available automated testing 
and insertion equipment. System oriented features include single power supply of 5V+ 10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL. 

FEATURES 

KEY PARAMETERS 


• 1,048,576 word by 4 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% wiA a built- 
in Vbb generator 

• Low Power 

578mW MAX .Operating 
(TC5116180AJ/AZ/AFr/ATR-60) 

495mW Max. Operating 
(TC5116180AJ/AZ/AFT/ATR-70 
440mW Max. Operating 
(TC5116180AJ/AZ/AFT/ATR-80 
5.5mW Max. Standby 

• Outputs unlatched at cycle end allows two-di¬ 
mensional chip selec tion _ 

• Read -Modifi^-Write, CAS before RAS refresh, 
RAS-only refresh. Hidden refresh. Fast Page 
Mode capability 

• All inputs and outputs TTL compatible 

• 4096 refresh cycles/16ms 

• Package TC5116180AJ ; SOJ42-P-400 

TC5116180AFT :TSOP50-P-400 


ITEM 

TC5116180AJ/AFT 

-60 

-70 

-80 

tRAC 

Access Time 

60ns 

70ns 

80ns 

^AA 

Column Address 

Access Time 

30ns 

40ns 

40ns 

tCAC 

Access Time 

15ns 

20ns 

20ns 

tRC 

Cycle Time 

110ns 

150ns 

150ns 

tpc 

Fast Page Mode 

Cycle Time 

40ns 

50ns 

50ns 
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PIN NAME 

A0~A11 

Address Inputs 


Row Address Strobe 

UCAS 

Upper Byte Control 

LCAS 

Lower Byte Control 

WRITE 

Read/Write Input 

UE 

Output Enable 

1/01-1/018 

Data Input/Output 

Vcc 

Power (+ 5V) 

Vss 

Ground 

N.C. 

No Connection 


PIN CONNECTION (TOP VIEW) 


Vcc 

1/01 

1/02 

1/03 

1/04 

Vcc 

I/OS 

1/06 

1/07 

1/08 

1/09 

NC 

wm 

m 

A11R 

A10R 

AO 

A1 

A2 

A3 

Vcc 


Plastic SOJ 



Vss 

1/018 

1/017 

1/016 

1/015 

V$s 

1/014 

1/013 

1/012 

1/011 

1/010 

uro 

m 

A9R 

A8R 

A7 

A6 

AS 

A4 

Vss 


NC 

NC 

mm 

KSS 

A11R 

A10R 

AO 

A1 

A2 

A3 

Vcc 


Plastic TSOP 


1 

2 

SO] 

491 

v&Ss 

3 

48! 

1/017 

4 

47: 

1/016 

5 

46] 

1/015 

6 

45: 

Vss 

7 

44: 

1/014 

8 

43: 

1/013 

9 

42: 

1/012 

10 

41 

1/011 

11 

40] 

IUO10 

15 

36: 

NC 

16 

35 : 

ILCA5 

17 

18 

34 : 

33 

IJT 

19 

32 

)A9R 

20 

31 

1A8R 

21 

30 

IA7 

22 

29 

1A6 

23 

28 

1A5 

24 

27 

IA4 

25 

26 

JVss 


A-512 
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BLOCK DIAGRAM 


VCC V$$ 


1/02 1/04 1/06 1/08 

O O O O 
U01 i 1/03 A 1/05 A 1/07 A 1/09 

^ 


1/011 1/013 1/015 1/017 
I/010 A I/012 A I/014 A I/016 A I/018 

nilTllh, 



ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 

^IN 

— O.5~Vcc + 0.5 

V 

1 

Output Voltage 

^OUT 

— 0.5~Vcc + 0.5 

V 

1 

Power Supply Voltage 

^CC 

— 0.5-7 

V 

1 

Operating Temperature 

Tqpr 

0-70 

°c 

1 

Storage Temperature 


— 55-150 

°c 

1 

Soldering Temperature • Time 


260 • 10 

°C • sec 

1 

Power Dissipation 

Pd 

900 

mW 

1 

Short Circuit Output Current 

I 

OUT 

50 

mA 

1 


rneuiRA AucoirA ci crrianMir rnMDOMPNTS iNr A.mri 
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RECOMMENDED D.C. OPERATING CONDITION (Ta = 0-70“C) 


SYMBOL 

PARAMETER 

MIN. 

TYP 

MAX 

UNIT 

NOTE 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

Vffl 

High Level Input Voltage 

2.4 

- 

Vcc+0.5* 

V 

2 

ViL 

Low Level Input Voltage 

-0.5** 

- 

0.8 

V 

2 


*Vcc+2.0V at pulse width ^20ns (measured at Vcc) 
**-2.0V at pulse width ^20ns (measured at V^c) 


D.C. OPERATING CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 


I 

CCl 

OPERATING CURRENT 

Average Bivver Supi^y Operating (liinent 

(RAS, UCAS, LCAS Addis. (Cycling; ^c^C MIN) 

TC5116180AJ/AFT-60 

- 


mA 

3,4 

5 

TC5116180AJ/AFT-70 

- 

mm 

TC5116180AJ/AFT-80 


319 

I 

CC2 

STANBY CURRENT 

Power Supply Standby Current 
(RAS=UCAS=LCAS=V jjj) 


2 

mA 

■ 



I 

CC3 

RS5 ONLY REFRESH CURRENT 

Average Power Sqii^Cuiient (RAS Only Mode 
(RAS,‘cycling, UCAS,=EGAS Vj^: %?%c MIN) 

TC5116180AJ/AFT-60 

- 

3*3 

mA 

3,5 

TC5n6180AJ/AFr-70 

- 

mm 

TC5116180AJ/AFT-80 


Kl 

'CC4 

FAST PAGE MODE CURRENT 

Average Power Stftfdy Cunent, Fast FRge Nkxie 
(kAS=VjL_UC]AS, LCAS Addis.CycBng;%cf=^ MIN) 

TC5n6180AJ/AFT-60 

- 

Hi 

mA 

B 

TC5116180AJ/AFr-70 

- 

^03 

TC5U6180AJ/AFr-80 

- 

60 

'CC5 

STANDBY CURRENT 

Power Supply Standby Current, 

(RAS=UCAs=LCAS= V^(;;-0.2V) 

■ 

1 

mA 

■ 

I 

CC6 

CSS BEFORE RSS REFRESH CURRENT 
Average Power Supply Current, CAS Before 

RAS Mode (RAS, UCAS_ IjCSS,Cycling; tRc=tRC 

TC5116180AJ/AFT-«) 

- 

303 

mA 

3,5 

TC5116180AJ/AFT-70 

- 

mm 

TC5116180AJ/AFT-80 


mm 

'l(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OV< ViN< Vcc, All Other Pins Not Under Test=OV) 

-10 

10 

jiA 




imu 

OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, ^ 0V< Vquj S 

-10 

10 

pA 

_ 



OUTPUT LEVEL 

(Output “H” Level Voltage (out ~ 5mA) 

2.4 

■ 

D 

■ 

VoL 

OUTPUT LEVEL 

(Output “L” Level Voltage (out = 4.2mA) 

- 

0.4 

D 

■ 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING CONDITIONS 
(Vcc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 


SYMBOL 

PARAMETER 

tRC 

Random Read or Write Cycle Time 

^RMW 

Read-Modify-Write Cycle 

^PC 

Fast Page Mode Cycle Time 

^PRMW 

Fast Page Mode Read-Modify-Write Cycle Time 

^RAC 

Access Time from RAS 

k:Ac 

Access Time from CAS 

^AA 

Access Time from Column Address 

k:PA 

Access Time from CAS Precharge 

kxz 

CAS to Output in Low-ZData Hold Time 

toFF 

Output Buffer Tum-off Delay 

It 

Transition Time (rise and Fall) 

^RP 

RAS Presharge Time 

^RAS 

RAS Pulse Width 

^RASP 

RAS Pulse >\^dth (Fast Page Mode) 

^RSH 

RAS Hold Time 

tRHCP 

RAS Hold Time From CAS Precharge 
(Fast Page Mode) 

k;sH 

CAS Hold Time 

k:AS 

CAS Pulse A^^dth 

^RCD 

RAS to CAS Delay Time 

^RAD 

RAS to Column Address Delay Time 

k:RP 

CAS to RAS Precharge Time 

kp 

CAS Presharge Time 

^ASR 

Row Address Set-up Time 

tRAH 

Row Address Hold Time 

USH 

Column Address Set-up Time 

k:AH 

Column Address Hold Time 

^RAL 

Column Address To RAS Lead Time 

^RCS 

Read Command Set-up Time 

^RCH 

Read Command Hold Time 

tRRH 

Read Command Hold Time referenced to RAS 

%CH 

Write Command Hold Time 


-60 


MIN MAX. 


TC5116180AJ/AFT 


-70 


MAX 





































































































































































































































TC5116180AJ/AFT-60/70/80 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 



CAPACITANCE *(Tcc= 5V± 10%, f = IMHz, Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

C|i 

Input Capacitance (AO ~A9) 

- 

5 

pF 

C|2 

Input Capacitance (RAS, UCAS, LCAS, WRITE, OE) 

- 

7 

pF 

Co 

Input/Output Capacitance (l/01~l/018) 

- 

7 

pF 


A-516 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to 
the device. 

2. All voltages are referenced to Vgs. 

3. Iccb Icc 3 > Icc 4 > Icc6 depend on cycle rate. 

4. Iccj, Icc 4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=Vjl. In case of Icc 4 . it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 200p,s is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CaS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tT=5ns. 

8. VjH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between and Vjl- 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) and toEz (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

11. Either t^cH oif ^rrh must be satisfied for a read cycle. 

12. These parsimeters are referenced to UCAS or LAS leading edge in early write cycles and to WKllb 
leading edge in Read-Modify-Write cycles. 

13. %cS’ ^RWD’ k:wD’tAWD icpwD restictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If t^cs >twcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If Ir^d^^rwo (min.), 
tcwD>tcwD (min.), Iawd^^awd (min.) and tcpwp>k:pwDD (min.), (Fast Page Mode), the cycle is a Read- 
Modify-Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the t^co (max.) limit insures that tRAc be met. tR^p (max.) is specified as a 
reference point only: If Ir^d is greater than the specified tRco (max.) limit, then access time is controlled 
i’y icAC- 

15. Operation within the tR^o (max.) limit insures that tR^c (max.) can be met. tR^o (max.) is specified as 
a reference point only: If Ir^d is greater than the specified tR^o (max.) limit, then access time is 
controlled by t^^. 
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TC5116180AJ/AFT-60/70/80 


WRITE CYCLE (EARLY WRITE) 




TJOS, 

WS 


A0~A7 


A8R 

-Alia 


WRITE 


OE 


IA31 

-1/018 



Note: Dour - OPEN 


■H’ or "L* 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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TC5116180AJ/AFT-60/70/80 



Note: 0|N (l/01~l/09) > Don't Care 
Dqut■ OPEN 


A-522 
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WRITE CYCLE (DE CONTROLLED WRITE) 



Note: Dqut « OPEN : “H* or "U‘ 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 








TC5116180AJ/AFT-60/70/80 

UPPER BYTE WRITE CYCLE (DE CONTROLLED WRITE) 







TC5116180AJ/AFT-60/70/80 
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FAST PAGE MODE READ CYCLE 


Tsas. 



<«ASP 






Je£- 


tec 


JsStL 


Jbucl. 


hcRP 


lcAS Vil 


A0-A7 




-WIIS Voi — 


Note; Din > OPEN 


'H* or "L* 


A-528 
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FAST PAGE MODE BYTE READ CYCLE 






V|H—“ 

V,L - 


I ^BCD 




TJ05 


V|H — 



.. JiM _. 


j££_ 


tRHCP 


Jrsh 


tRP 




tcRP 





U01 


~l/09 VoL- 


1/010 
“1/018 VoL 


iJ- 


Note; Din » OPEN 
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FAST PAGE MODE BYTE WRITE CYCLE (EARLY WRITE) 


m 


DTO. 

lOS 


A0~A7 


A8R 

-A11R 


WRITE 




V01 

-1/018 



Note: Oqut - OPEN 


A-532 
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FAST PAGE MODE BYTE WRITE CYCLE (EARLY WRITE) 




DOS 


105 


A0-A7 


A8R 

-A11R 


WRITE 




Note: Dout = OPEN 


"H* or *L' 


TOSHIBA AMERICA ELECTRONIC COMPONENTS INC 
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OUTLINE DRAWINGS (ZIP20 - P - 400A) 

Unit in mm 

3.05max 
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Mechanical Dimensions 


OUTLINE DRAWINGS (ZIP24 - P - 475) 
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Mechanical Dimensions 
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OUTLINE DRAWINGS (SOJ40 - P - 400) 

Unit in mm 



mi 
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OUTLINE DRAWINGS (SOJ42 - P - 400) 


Unit in mm 










Mechanical Dimensions 
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Mechanical Dimensions 



























Mechanical Dimensions 


OUTLINE DRAWINGS (TSOP28 - P - 400) 



Weight : 0.49g(TYP.) 
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Mechanical Dimensions 
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THM32100QAS/ASG -60/70/80 


1,048,576 WORD X 32 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

The THM321000A is a 1,048,576 word by 32 bit dynamic RAM module which is assembled with eight 
TC514400ASJ devices on the printed circuit board. This module can be used as well as 2,097,152 word by 16 

bit by means of connecting DQO and DQ16, DQl and DQ17, DQ2 and DQ18, ., DQ15 and DQ31, 

respectively. This module is optimized for applications which require high density and large capacity such as 
main memory, image memory systems, and others which require compact size. 

FEATURES 


• 1,048,576 word by 32 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% 

• Low power 

5,280mW MAX. Operating (THMxxxxxx-60) 

4,4009mW MAX. Operating (THMxxxxxx-70) 

3,744mW MAX. Operating (THMxxxxxx-80) 

44m W M AX. St andby 

• CAS before RAS refresh, RTfS only refresh. 

Hidden refresh, and Fast Page Mode capaljility. 

• All inputs and outputs TTL compatible 

• 1,024 Refresh cycles/16ms 

• Package 

72pin SIMM Tin-Lead Contact: THM321000AS-60,70,80 
72pin SIMM Gold Contact: THM321000ASG-60,70,80 


KEY PARAMETERS 



-60 

-70 

-80 

tRAc Access Time 

60ns 

70ns 

80ns 

tAA Colunm Address 
Access Time 

30ns 

35ns 

40ns 

tcAc CAS Access Time 

20ns 

20ns 

20ns 

tRc Cycle Time 

110ns 

130ns 

150ns 

tpc Fast Page Mode 

Cycle Time 

45ns 

45ns 

50ns 


PIN NAMES 


A0~A9 

Address Inputs 

DQ0~DQ31 

Data Input/Outputs 

CS5D~CSSI 

Column Address Strobe 

KSS0,RS52 

Row Address Strobe 

W 

Read/Write Input 

Vcc 

Power (+5V) 

Vss 

Ground 

PD 

Presence Detect Pin 



-60 

-70 

-80 

PDO 

^ss 

Vss 

Vss 

PDl 

^ss 

Vss 

Vss 

PD2 

NC 

Vss 

NC 

PD3 

NC 

NC 

Vss 
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PIN CONNECTION (TOP VIEW) 



1 36 37 72 


1 


13 

A1 

25 

DQ22 

37 

NC 

49 

DQ8 

61 

DQ13 

2 

DQO 

14 

A2 

26 

DQ7 

38 

NC 

50 

DQ24 

62 

DQ30 

3 

DQ16 

15 

A3 

27 

DQ23 

39 


51 

DQ9 

63 

DQ14 

D 

DQl 

16 

A4 

28 

A7 

B 

CASD 

52 

DQ25 

64 

DQ31 

5 

DQ17 

17 

A5 

29 

NC 

41 

CAi>2 

53 

DQIO 

65 

DQ15 

6 

DQ2 

18 

A6 

30 


42 

CaS3 

54 

DQ26 

66 

NC 

B 

DQ18 

19 

NC 

31 

A8 

43 

cssrr 

55 

DQll 

67 

PDO 

8 

DQ3 

20 

DQ4 

32 

A9 

44 

RASD 

56 

DQ27 

68 

PDl 

9 

DQ19 

21 

DQ20 

33 

NC 

45 

NC 

57 

DQ12 

69 

PD2 

10 

Vcc 

22 

DQ5 

34 

R75S2 

46 

NC 

58 

DQ28 

70 

PD3 

11 

NC 

23 

DQ21 

35 

NC 

47 

W 

59 

^cc 

71 

NC 

12 

AO 

24 

DQ6 

36 

NC 

48 

NC 

60 

DQ29 

72 

_ 
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ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 


— 1.0-7.0 

V 

1 

Output Voltage 


—1.0~7.0 

mm 

1 

Power Supply Voltage 


—1.0~7.0 

mm 

1 

Operating Temperature 


0-70 

°c 

1 

Storage Temperature 


— 55-125 

°c 

1 

Soldering Temperature • Time 


260*10 

°C*sec 

1 

Power Dissipation 

Pd 

5.6 

W 

1 

Short Circuit Output Current 

^OUT 

50 

mA 

1 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

CHARACTERISTIC 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 


Supply Voltage 

4.5 

5.0 

5.5 

V 

2 


Input High Voltage 

2.4 

- 

6.5 

V 

2 

ViL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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THM321000AS/ASG-60/70/80 


D.C. ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0-70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX 

UNIT 

NOTE 

I 

CCl 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: Irc^^RC MIN.) 

THMxxxxxx-60 

- 


mA 

3,4 

5 

THMxxxxxx-70 

- 


THMxxxxxx-80 



I 

CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V jjj) 

■ 

16 

mA 


k:c3 

RS5 ONLY REFRESH CURRENT Average 

Power Supply Current, 555 Only Mode 
(RAS Cycling, CAS=Vjjj; tRc~^RC MIN.) 

THMxxxxxx-60 

- 

960 

mA 

3,5 

THMxxxxxx-70 

- 


THMxxxxxx-80 


680 

I 

CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS =ViL, CAS,Address Cycling;tpc=tpc MIN.) 

THMxxxxxx-60 

- 

560 

mA 

3,4 

5 

THMxxxxxx-70 

- 

560 

THMxxxxxx-80 


480 

I 

CCS 

STANDBY CURRENT 

Power Supply Standby Current 
(RS5=CS5=Vcc-0.2V) 

■ 

8 

mA 


I 

CC6 

CAS BEFORElfAS REFRESH CURRENT 

THMxxxxxx-60 

- 

960 

mA 

3,5 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS, Cycling: t^c^^RC MIN.) 

THMxxxxxx-70 

- 


THMxxxxxx-80 



I 

I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0 V<Vin< 6.5V, All Other Pins Not Under Test=0V) 

-80 

80 

pA 

■ 

‘o(L) 

OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, OV <Vout^5.5V) 

-10 

10 

pA 


VOH 

OUTPUT LEVEL 

Output “H” Level Voltage (Iout= -5mA) 

2.4 

■ 

D 


IQIIIII 

OUTPUT LEVEL 

Output “L” Level Voltage (IouT=4-2mA) 

D 

0.4 

D 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 


Please refer to the DRAM Module A.C. Conditions No. 8. Notes which are 
referenced in this section are also located in the A.C. Conditions. 


CAPACITANCE (Vcc = 5V ± 10%, f= IMHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

CIl 

Input Capacitance (A0~A9) 

- 

60 

pF 

CI2 

Input Capacitance (W) 

- 

45 

pF 

CI3 

Input Capacitance (RASO, RAS2) 

- 

35 

pF 

CI4 

Input Capacitance (Caso , CAS3) 

- 

30 

pF 

CDQl 

I/O Capacitance (D(30~31) 

- 

17 

pF 
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THM321000AS/ASG -60/70/80 


OUTLINE DRAWINGS 


Unit in mm 


2-03.18 + 0.05 



• THM3210b0AS 



• THM321000ASG 

1.04 + 0.05 




Contacts; Gold 




H 
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rOSHIBA 


THM3210BQAS/ASG -70/80 


1,048,576 WORD X 32 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

The THM3210B0A is a 1,048,576 word by 32 bit dynamic RAM module which is assembled with two 
TC5118160AJ devices on the printed circuit board. This module can be as well used as 2,097,152 word by 16 

bit by means of connecting DQO and DQ16, DQl and DQ17, DQ2 and DQ18, ., DQ15 and DQ31, 

respectively. This module is optimized for applications which require high density and large capacity such as 
main memory, image memory systems, and others which require compact size. 

FEATURES 

• 1,048,576 word by 32 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% 

• Low power 

l,540mW MAX. Operating (THMxxxxxx-70) 
l,320mW MAX. Operating (THMxxxxxx-80) 
llmW MAX. Standby 

• CAS before kAS refresh, kas only refresh. 

Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 

• 1,024 Refresh cycles/16ms 

• Package 

72pin SIMM Tin-Lead Contact: THM3210B0AS-xx 
72pin SIMM Gold Contact; THM3210B0ASG-xx 


KEY PARAMETERS 



-70 

-80 

tRAc RAS Access Time 

70ns 

80ns 

Iaa Coluntm Address 

Access Time 

35ns 

40ns 

tcAc CAS Access Time 

20ns 

20ns 

Irc Cycle Time 

130ns 

150ns 

tpc Fast Page Mode 

Cycle Time 

45ns 

50ns 


PIN NAMES 


A0~A9 

Address Inputs 

DQ0~DQ31 

Data Input/Outputs 

CSSD-CAS3 

Column Address Strobe 

RSSD,RAS2 

Row Address Strobe 

W 

Read/Write Input 

^cc 

Power (-(-5V) 

Vss 

Ground 

PD 

Presence Detect Pin 



-70 

-80 

PDO 

Vss 

Vss 

PDl 

Vss 

Vss 

PD2 

Vss 

NC 

PD3 

NC 

Vss 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. C-7 

























THM3210B0AS/ASG -70/80 


PIN CONNECTION (TOP VIEW) 



1 


36 37 


72 


1 


13 

A1 

25 

DQ22 

37 

NC 

49 

DQ8 

61 

DQ13 

2 

DQO 

14 

A2 

26 

DQ7 

38 

NC 

50 

DQ24 

62 

DQ30 

3 

DQ16 

15 

A3 

27 

DQ23 

39 


51 

DQ9 

63 

DQ14 

D 

DQl 

16 

A4 

28 

A7 

o 

CASH 

52 

DQ25 

64 

DQ31 

5 

DQ17 

17 

A5 

29 

NC 

41 

CX52 

53 

DQIO 

65 

DQ15 

6 

DQ2 

18 

A6 

30 

1^1 

42 


54 

DQ26 

66 

NC 

■1 

DQ18 

19 

NC 

31 

A8 

43 

CAST 

55 

DQll 

67 

PDO 

8 

DQ3 

20 

DQ4 

32 

A9 

44 

RASO 

56 

DQ27 

68 

PDl 

9 

DQ19 

21 

DQ20 

33 

NC 

45 

NC 

57 

DQ12 

69 

PD2 

10 

Vcc 

22 

DQ5 

34 

raS2 

46 

NC 

58 

DQ28 

70 

PD3 

11 

NC 

23 

DQ21 

35 

NC 

47 

W 

59 

1^9 

71 

NC 

12 

AO 

24 

DQ6 

36 

NC 

48 

NC 

60 

DQ29 

72 

IQII 
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THM33210B0AS/ASG -70/80 


BLOCK DUGRAM 


'iTiV 


US 0 

css 1 


2 

css 2 
css 3 


w 

A0-A9 



DQO 

DQ 1 

DQ2 

DQ3 

DQ4 

DQ5 

DQ6 

DQ7 

DQ8 

OQ9 

DQ10 

QDII 

DQ12 

DQ13 

DQ14 

DQ15 


DQ16 

DQ17 

DQ18 

DQ19 

DQ20 

DQ21 

DQ22 

OQ23 

DQ24 

DQ25 

DQ26 

QD27 

DQ28 

DQ29 

DQ30 

DQ31 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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THM3210B0AS/ASG -70/80 


ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 

ViN 

— 0.5~Vcc + 0.5 

V 

1 

Output Voltage 

VoUT 

— 0.5~Vcc + 0.5 

V 

1 

Power Supply Voltage 

Vcc 

— 0.5~7.0 

V 

1 

Operating Temperature 

Tqpr 

0~70 

°C 

1 

Storage Temperature 

Tstg 

— 55-125 

°C 

1 

Soldering Temperature • Time 

Tsolder 

260*10 

°C*sec 

1 

Power Dissipation 

Pd 

1.8 

W 

1 

Short Circuit Output Current 

Iqut 

50 

mA 

1 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

CHARACTERISTIC 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 


Supply Voltage 

4.5 

5.0 

5.5 

V 

2 


Input High Voltage 

2.4 

- 

Vcc+ 0.5* 

mm 

2 

ViL 

Input Low Voltage 

-0.5** 

- 

0.8 

V 

2 


*Vcc + 2.0V at pulse width S 20 ns (pulse width measured at Vcc) 
**-2.0V at pulse width ^ 20 ns (pulse width measured at OV) 
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THM33210B0AS/ASG -70/80 


D.C. ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX 

UNIT 

NOTES 

I 

CCl 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RaS, CAS, Address Cycling: Irc^^rc MIN.) 

THMxxxxxx-70 

- 

280 

mA 

3,4 

5 

THMxxxxxx-80 

■ 

240 

I 

CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V jjj) 

■ 

a 

mA 


ICC3 

RAS ONLY REFRESH CURRENT Average 

Power Supply Current, Only Mode 

(RAS Cycling, CAS=Vjjj; tRc=tRc MIN.) 

THMxxxxxx-70 

- 

280 

mA 

3,5 

THMxxxxxx-80 

■ 

240 

I 

CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS =VjL, CAS,Address Cycling:tpc=tpc MIN.) 

THMxxxxxx-70 

- 

150 

mA 

3,4 

5 

THMxxxxxx-80 

■ 

130 

I 

CCS 

STANDBY CURRENT 

Power Supply Standby Current 
(RS5=CS5=Vcc-0.2V) 

■ 

2 

mA 


I 

CC6 

CAS BEFOREIJAS REFRESH CURRENT 

THMxxxxxx-70 

- 

280 

mA 

3,5 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS, Cycling; tRc=tRC MIN.) 

THMxxxxxx-80 


240 

I 

I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0 V<Vin< 6.5V, All Other Pins Not Under Test=0V) 

-20 

20 

pA 


^O(L) 

OUTPUT LEAKAGE CURRENT 
(Dqut disHblcd, OV 

-10 

10 

pA 


VoH 

OUTPUT LEVEL 

Output “H” Level Voltage (Iout= -SmA) 

m 

a 

a 


VoL 

OUTPUT LEVEL 

Output “L” Level Voltage (IouT=4.2mA) 

D 

0.4 

D 

■ 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 


Please refer to the DRAM Module A.C. Conditions No. 20. Notes which are 
referenced in this section are also located in the A.C. Conditions. 


CAPACITANCE (Vcc = 5V ± 10%, f= IMHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

CIl 

Input Capacitance (A0~A9) 

- 

15 

pF 

CI2 

Input Capacitance (W) 

- 

19 

pF 

CI3 

Input Capacitance (RASO, RAS2) 

- 

12 

pF 

CI4 

Input Capacitance (CASO ~CAS3) 

- 

12 

pF 

CDQ 

VO Capacitance (D(30~31) 

- 

12 

pF 
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THM3210B0AS/ASG -70/80 


OUTLINE DRAWINGS 

THM3210BOAS/ASG 


Unit in mm 


2-03.181O.OS 





5.08MAX. 


4-0.10 

1.27-0.08 


• TIIM3210B0AS/ASQ 



0.-19 
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rOSHIBA 


THM322020AS/ASG WTO/SO 


2,097,152 WORD X 32 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

The THM322020A is a 2,097,152 word by 32 bit dynamic RAM module which is assembled with 16 
TC514400ASJ devices on the printed circuit board. This module can be used as well as 4,194,304 word by 16 

bit by means of connecting DQO and DQ16, DQl and DQ17,., DQ15 and DQ31, respectively. This module 

is optimized for applications which require high density and large capacity such as main memory, image 
memory systems, and others which require compact size. 

FEATURES 


• 2,097,152 word by 32 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% 

• Low power 

5,368mW MAX. Operating (THMxxxxxx-60) 

4,488mW MAX. Operating (THMxxxxxx-70) 

3,832mW MAX. Operating (THMxxxxxx-80) 

88mW MAX. Standby 

• CAS before RAS refresh, RAS only refresh. 

Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 

• 1,024 Refresh cycles/16ms 

• Package 

72pin SIMM Tin-Lead Contact: THM322020AS-60,70,80 
72pin SIMM Gold Contact: THM322020ASG-60,70,80 


KEY PARAMETERS 



-60 

-70 

-80 

tRy^c Access Time 

60ns 

70ns 

80ns 

t^A Column Address 
Access Time 

30ns 

35ns 

40ns 

tcAC CAS Access Time 

20ns 

20ns 

20ns 

tRc Cycle Time 

110ns 

130ns 

150ns 

tpc Fast Page Mode 
Cycle Time 

45ns 

45ns 

50ns 


PIN NAMES 


A0~A9 

Address Inputs 

DQ0-DQ31 

Data Input/Outputs 

CAS0~CAS5 

Column Address Strobe 

RA5D~RA55 

Row Address Strobe 

W 

Read/Write Input 

Vcc 

Power (+5V) 

Vss 

Ground 

NC 

No Connection 



-60 

-70 

-80 

PDO 

NC 

NC 

NC 

PDl 

NC 

NC 

NC 

PD2 

NC 

^ss 

NC 

PD3 

NC 

NC 











































THM322020AS/ASG -60/70/80 


PIN CONNECTION (TOP VIEW) 



1 36 37 72 


1 

^ss 

13 

A1 

25 

DQ22 

37 

NC 

49 

DQ8 

61 

DQ13 

2 

DQO 

14 

A2 

26 

DQ7 

38 

NC 

50 

DQ24 

62 

DQ30 

3 

DQ16 

15 

A3 

27 

DQ23 

39 


51 

DQ9 

63 

DQ14 

IB 

DQl 

16 

A4 

28 

A7 

B 

CSSD 

52 

DQ25 

64 

DQ31 

5 

DQ17 

17 

A5 

29 

NC 

41 

CS52 

53 

DQIO 

65 

DQ15 

6 

DQ2 

18 

A6 

30 


42 

CA53 

54 

DQ26 

66 

NC 

B 

DQ18 

19 

NC 

31 

A8 

43 

CAST 

55 

DQll 

67 

PDO 

8 

DQ3 

20 

DQ4 

32 

A9 

44 

RASD 

56 

DQ27 

68 

PDl 

9 

DQ19 

21 

DQ20 

33 

RSS3 

45 

HAST 

57 

DQ12 

69 

PD2 

10 

^cc 

22 

DQ5 

34 

RAS2 

46 

NC 

58 

DQ28 

70 

PD3 

11 

NC 

23 

DQ21 

35 

NC 

47 

W 

59 

Vcc 

71 

NC 

12 

AO 

24 

DQ6 

36 

NC 

48 

NC 

60 

DQ29 

72 



n.i4 
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THM322020AS/ASG -60/70/80 


BLOCK DUGRAM 



MO-15 












THM322020AS/ASG -60/70/80 


ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 


— 1.0-7.0 

V 

1 

Output Voltage 


—1.0~7.0 

V 

1 

Power Supply Voltage 


— 1.0-7.0 

V 

1 

Operating Temperature 


0-70 

°c 

1 

Storage Temperature 


— 55-125 

°c 

1 

Soldering Temperature • Time 


260* 10 

°C»sec 

1 

Power Dissipation 

Pd 

11.2 

W 

1 

Short Circuit Output Current 

lour 

50 

mA 

1 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

CHARACTERISTIC 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

^CC 

Supply Voltage 

4.5 

5.0 

5.5 

B 

2 

ViH 

Input High Voltage 

2.4 

- 

6.5 

B 

2 

ViL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 


r :.1 R TOSHIRA AMERICA ELECTRONIC COMPONENTS. INC. 
































































THM322020AS/ASG -60/70/80 


D.C. ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX 

UNIT 

NOTE 

I 

CCl 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tR(;;=tRc MIN.) 

THMxxxxxx-60 

- 

976 

mA 

3,4 

5 

THMxxxxxx-70 

- 

816 

THMxxxxxx-80 

- 

696 

I 

CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V jjj) 

■ 

32 

mA 


k:c3 

RS5 ONLY REFRESH CURRENT Average 

Power Supply Current, Only Mode 

(RAS Cycling, CAS=Vjj^: tR(^=tR(^ MIN.) 

THMxxxxxx-60 

- 

976 

mA 

3,5 

THMxxxxxx-70 

- 

816 

THMxxxxxx-80 

- 

696 

I 

CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS =ViL, CAS,Address Cycling:tpc=tpc MIN.) 

THMxxxxxx-60 

- 

576 

mA 

3,4 

5 

THMxxxxxx-70 

- 

576 

THMxxxxxx-80 

- 

496 

I 

CCS 

STANDBY CURRENT 

Power Supply Standby Current 
(RS5=C7K=Vcc-0.2V) 

■ 

16 

mA 

1 

I 

CC6 

CKS BEFORETJAS REFRESH CURRENT 

THMxxxxxx-60 

- 

976 

mA 

3,5 

Average Power Supply Current, CAS Before RAS 
Mode (RaS, CAS, Cycling: tRc=tRC MIN.) 

THMxxxxxx-70 

- 

816 

THMxxxxxx-80 

- 

696 

I 

I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0 V<Vin< 6.5V, All Other Pins Not Under Test=0V) 

-160 

160 

pA 


'o(L) 

OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, OV <Voijr-5-5V) 

-20 

20 

pA 


VOH 

OUTPUT LEVEL 

Output “H” Level Voltage (Iout= -5niA) 

m 

a 

a 

■ 


OUTPUT LEVEL 

Output “L” Level Voltage (IouT=4-2mA) 

D 

0.4 

V 

■ 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 


Please refer to the DRAM Module A.C. Conditions No. 8. Notes which are 
referenced in this section are also located in the A.C. Conditions. 


CAPACITANCE (Vcc = 5V ± 10%, f= IMHz, Ta=0~70°C) 
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TOSHIBA 


THM3220CQAS/ASG -70/80 


2,097,152 WORD X 32 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

The THM3220C0A is a 2,097,152 word by 32 bit dynamic RAM module which is assembled with 4 
TC5118160AJ device on the printed circuit board. This module can be as well used as 4,194,304 word by 16 bit 

by means of connecting DQO and DQ16, DQl and DQ17, DQ2 and DQ18, , DQ15 and DQ31, respectively. 

THM3220C0A is optimized for applications which require high density and large capacity such as main 
memory, image memory systems, and others which require compact size. 

FEATURES 

• 2,097,152 word by 32 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% 

• Low power 

l,562mWMAX. Operating (THMxxxxxx-70) 
l,342mW MAX. Operating (THMxxxxxx-80) 

22mW MAX. Standby 

• CAS before KAS refresh, KAS only refresh. 

Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 

• 1,024 Refresh cycles/16ms 

• Package 

Tin-Lead Contact: THM3220C0AS-xx 
Gold Contact: THM3220C0ASG-xx 


KEY PARAMETERS 



-70 

-80 

tRAc RAS Access Time 

70ns 

80ns 

Iaa Colunm Address 

Access Time 

35ns 

40ns 

tcAC CAS Access Time 

20ns 

20ns 

Irc Cycle Time 

130ns 

150ns 

tpc Fast Page Mode 

Cycle Time 

45ns 

50ns 


PIN NAMES 


A0~A9 

Address Inputs 

DQ0~DQ31 

Data Input/Outputs 

CASD~CSS3 

Column Address Strobe 

RAS0~RAS3 

Row Address Strobe 

W 

Read/Write Input 

Vcc 

Power (+5V) 

Vss 

Ground 

PD 

Presence Detect Pin 



-70 

-80 

PDO 

NC 

NC 

PDl 

NC 

NC 

PD2 

Vss 

NC 

PD3 

NC 

mm 


Tr\eUIBA AUBDI/^A Bl B/^B/\AII/^ 
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THM3220C0AS/ASG -70,/80 


PIN CONNECTION (TOP VIEW) 




36 


37 


72 


1 

mom 

13 

A1 

25 

DQ22 

37 

NC 

49 

DQ8 

61 

DQ13 

2 

DQO 

14 

A2 

26 

DQ7 

38 

NC 

50 

DQ24 

62 

DQ30 

3 

DQ16 

15 

A3 

27 

DQ23 

39 


51 

DQ9 

63 

DQ14 

4 

DQl 

16 

A4 

28 

A7 

B 

CS5D 

52 

DQ25 

64 

DQ31 

5 

DQ17 

17 

A5 

29 

NC 

41 

CA52 

53 

DQIO 

65 

DQ15 

6 

DQ2 

18 

A6 

30 

Vcc 

42 

CAS3 

54 

DQ26 

66 

NC 

B 

DQ18 

19 

NC 

31 

A8 

43 

CAST 

55 

DQll 

67 

PDO 

8 

DQ3 

20 

DQ4 

32 

A9 

44 

RSSO 

56 

DQ27 

68 

PDl 

9 

DQ19 

21 

DQ20 

33 

RAS3 

45 

RS5T 

57 

DQ12 

69 

PD2 

10 

If^ll 

22 

DQ5 

34 

RSS2 

46 

NC 

58 

DQ28 

70 

PD3 

11 

NC 

23 

DQ21 

35 

NC 

47 

W 

59 

UQII 

71 

NC 

12 

AO 

24 

DQ6 

36 

NC 

48 

NC 

60 

DQ29 

72 

Vss 
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THM3220C0AS/ASG -70/-80 


BLOCK DIAGRAM 
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THM3220C0AS/ASG -70,/80 


ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 


— 0.5~Vcc + 0.5 

■H 

1 

Output Voltage 


— 0.5~Vcc + 0.5 

V 

1 

Power Supply Voltage 

B9| 

— 0.5~7.0 

V 

1 

Operating Temperature 

Tqpr 

0-70 

°c 

1 

Storage Temperature 


— 55-125 

°c 

1 

Soldering Temperature • Hme 


260 • 10 

"C’sec 

1 

Power Dissipation 

Pd 

3.6 

W 

1 

Short Circuit Output Current 

^OUT 

50 

mA 

1 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

CHARACTERISTIC 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 


Supply Voltage 

4.5 

5.0 

5.5 


2 


Input High Voltage 

2.4 

- 

Vcc+ 0.5* 

V 

2 

mm 

Input Low Voltage 

-0.5** 

- 

0.8 

■■ 

2 


*^cc ^ pulse width i 20 ns (pulse width measured at Vcc) 

**-2.0V at pulse width ^ 20 ns (pulse width measured at OV) 
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THM3220C0AS/ASG -70/-80 


D.C. ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX 

UNIT 

NOTES j 

*CC1 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRc=tRc MIN.) 

THMxxxxxx-70 

- 

284 

mA 

D 

THMxxxxxx-80 


244 

*CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V ju) 

■ 

8 

mA 

■ 

k:c3 

RAS ONLY REFRESH CURRENT Average 

Power Supply Current, Only Mode 

(RAS Cycling, CAS=Vjjj: Ir^^rc MIN.) 

THMxxxxxx-70 


284 

mA 

3,5 

THMxxxxxx-80 

■ 

244 

*CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS =ViL, CAS,Address Cycling;tpc=tpc MIN.) 

THMxxxxxx-70 


154 

mA 

3,4 

5 

THMxxxxxx-80 

■ 

134 

I 

CCS 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=Vf;f;-0.2V) 

■ 

H 

mA 

■ 

*CC6 

CAS BEFORETIAS REFRESH CURRENT 

THMxxxxxx-70 


284 

mA 

3,5 

Average Power Supply Current, CAS Betbre RAS 
Mode (RAS, CAS, Cycling: tRc=tRc MIN.) 

THMxxxxxx-80 

■ 

244 

I 

I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0 V^in^ 6.5V, All Other Pins Not Under Test=0V) 

-40 

40 

pA 


‘o(L) 

OUTPUT LEAKAGE CURRENT 
(Dour is disabled, OV ^out^5.5V) 

-20 

20 

pA 


VqH 

OUTPUT LEVEL 

Output “H” Level Voltage (Iout= -5mA) 

m 

■ 

B 



OUTPUT LEVEL 

Output “L” Level Voltage (IouT=4.2inA) 

m 

0.4 

B 

■ 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 


Please refer to the DRAM Module A.C. Conditions No. 20. Notes which are 
referenced in this section are also located in the A.C. Conditions. 


CAPACITANCE (Vcc = 5V ± 10%, f= IMHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

CIl 

Input Capacitance (A0~A9) 

- 

25 

pF 

CI2 

Input Capacitance (W) 

- 

33 

pF 

CI3 

Input Capacitance (RASU~RAS3) 

- 

12 

pF 

CI4 

Input Capacitance (CaSo ~CAS3) 

- 

19 

pF 

CDQ 

I/O Capacitance (D(y)~31) 

- 

19 

pF 


TneuiBA AUBDM^A El Br^Drujir nnuDnuBure lur 


n.o'i 



































































17.78+0.13 


THM3220C0AS/ASG -70,/80 


OUTLINE DRAWINGS 


Unit in mm 


FRONTSIDE 2-03.18 ±0.05 




BACK SIDE 



• TnM3220C0AS^ASG 
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TOSHIBA 


THM324000S/SG-60/70 


4,194,304 WORD X 32 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

The THM324000S/SG is a 4,194,304 word by 32 bit dynamic RAM module which is assembled with 8 
TC5117400J devices on the printed circuit board. The THM324000 can be used as well as 8,388,608 word by 

16 bit by means of connecting DQO and DQ16, DQl and DQ17, DQ2 and DQ18,., DQ15 and DQ31, 

respectively. THM324000 is optimized for applications which require high density and large capacity such as 
main memory, image memory systems, and others which require compact size. 

FEATURES 

• 4,194,304 word by 32 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% 

• Low power 

5,720mW MAX. Operating (THMxxxxxx-60) 

4,840mW MAX. Operating (THMxxxxxx-70) 

4,180mW MAX. Operating (THMxxxxxx-80) 

44mW MAX. Standby 

• CAS before RAS refresh, RAS only refresh, 

Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 

• 2,048 Refresh cycles/16ms 

• Package 

Tin-Lead Contact: THM324000S-60,70 
Gold Contact: THM324000SG-60,70 


KEY PARAMETERS 



-60 

-70 

tRAc RAS Access Time 

60ns 

70ns 

Iaa Column Address 

Access Time 

30ns 

35ns 

tcAc CAS Access Time 

15ns 

20ns 

tRc Cycle Time 

110ns 

130ns 

tpc Fast Page Mode 

Cycle Time 

60ns 

70ns 


PIN NAMES 


A0~A10 

Address Inputs 

DQ0-DQ31 

Data Input/Outputs 

CS5D-C7C5I 

Column Address Strobe 

I[S5D,ESS2 

Row Address Strobe 

W 

Read/Write Input 

Vcc 

Power (■h5V) 

Vss 

Ground 

PD 

Presence Detect Pin 



-60 

-70 

PDO 

Vss 

Vss 

PDl 

NC 

NC 

PD2 

NC 

Vss 

PD3 

NC 

NC 
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THM324000S/SG -60/70 



PIN CONNECTION (TOP VIEW) 




36 37 


72 


1 


13 

A1 

25 

DQ22 

37 

NC 

49 

DQ8 

61 

DQO 

2 

DQO 

14 

A2 

26 

DQ7 

38 

NC 

50 

DQ24 

62 

DQ30 

3 

DQ16 

15 

A3 

27 

DQ23 

39 

mm 

51 

DQ9 

63 

DQ14 

a 

DQl 

16 

A4 

28 

A7 

B 

CASD 

52 

DQ25 

64 

DQ31 

5 

DQ17 

17 

A5 

29 

NC 

41 

CAS2 

53 

DQIO 

65 

DQO 

6 

DQ2 

18 

A6 

30 

Vcc 

42 

CAS3 

54 

DQ26 

66 

NC 

B 

DQ18 

19 

AlO 

31 

A8 

43 

CAST 

55 

DQll 

67 

PDO 

8 

DQ3 

20 

DQ4 

32 

A9 

44 

RA5D 

56 

DQ27 

68 

PDl 

9 

DQ19 

21 

DQ20 

33 

NC 

45 

NC 

57 

DQ12 

69 

PD2 

10 

Vcc 

22 

DQ5 

34 

RSS2 

46 

NC 

58 

DQ28 

70 

PD3 

11 

NC 

23 

DQ21 

35 

NC 

47 

W 

59 

Vcc 

71 

NC 

12 

AO 

24 

DQ6 

36 

NC 

48 

NC 

60 

DQ29 

72 

my 
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THM324000S/SG -60/70 


BLOCK DIAGRAM 
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THM324000S/SG -60/70 


ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 


—1.0~7.0 

■■ 

1 

Output Voltage 


—1.0~7.0 

■H 

1 

Power Supply Voltage 

II^SH 

—1.0~7.0 

V 

1 

Operating Temperature 


0-70 

°c 

1 

Storage Temperature 


-55-125 

°c 

1 

Soldering Temperature • Time 


260*10 

“C*sec 

1 

Power Dissipation 

Pd 

5.6 

W 

1 

Short Circuit Output Current 

Iqut 

50 

mA 

1 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70®C) 


SYMBOL 

CHARACTERISTIC 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

1 — 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

■■ 

Input High Voltage 

2.4 

- 

6.5 

bh 

2 

Vo. 

Input Low Voltage 

-1.0* 

- 

0.8 

V 

2 


*-2.0V at pulse width ^ 20 ns 
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THM324000S/SG -60/70 


D.C. ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX 

UNIT 

NOTES 

I 

CCl 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: Irc^^RC MIN.) 

THMxxxxxx-60 

- 


mA 

B 

THMxxxxxx-70 

" 

880 

I 

CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V jjj) 

■ 

16 

mA 

■ 

ICC3 

RAS ONLY REFRESH CURRENT Average 

Power Supply Current, Only Mode 

(RAS Cycling, CAS=Vm: tjjc=tj^C MIN.) 

THMxxxxxx-60 

■ 


tnA 

3 

THMxxxxxx-70 

■ 

880 

I 

CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RaS =Vjl, CAS,Address Cycling:tpc=tpc MIN.) 

THMxxxxxx-60 

- 

560 

mA 

B 

THMxxxxxx-70 

■ 

480 

I 

CCS 

STANDBY CURRENT 

Power Supply Standby Current 
(RA5=CA5=Vcc-0.2V) 

■ 

8 

mA 

1 

I 

CC6 

?:A5 BEFORETfSS REFRESH CURRENT 

THMxxxxxx-60 



mA 

3 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS, Cycling: t^c^^RC MIN.) 

THMxxxxxx-70 

■ 

880 

I 

I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0 V<Vin< 6.5V, All Other Pins Not Under Test=0V) 

-80 

80 

pA 

B 

‘o(L) 

OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, OV ^out^5.5V) 

-10 

10 

pA 


VOH 

OUTPUT LEVEL 

Output “H” Level Voltage (Iqut^ -SmA) 

m 

n 

■ 



OUTPUT LEVEL 

Output “L” Level Voltage (IouT=4.2mA) 

D 

0.4 

a 

■ 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 


Please refer to the DRAM Module A.C. Conditions No. 16. Notes which are 
referenced in this section are also located in the A.C. Conditions. 


CAPACITANCE (Vcc = 5V ± 10%, f= IMHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

CIl 

Input Capacitance (A0~A10) 

- 

88 

pF 

CI2 

Input Capacitance (W) 

- 

84 

pF 

CI3 

Input Capacitance (RASO, RAS2) 

- 

42 

pF 

CI4 

Input Capacitance (CaSo -CaS3) 

- 

36 

pF 

CDQ 

I/O Capacitance (D(30~31) 

- 

17 

pF 
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THM324000S/SG -60/70 


OUTLINE DRAWINGS 


2-03.18 ±0.05 



• TtlM324000S •TUM324000SO 
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TOSHIBA 


THM328020S/SG -60/70 


8,388,608 WORD X 32 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

The THM328020 is a 8,388,608 word by 32 bit dynamic RAM module which is assembled with 16 
TC5117400J devices on the printed circuit board. The THM328020 can be used as well as 16,777,216 word by 

16 bit by means of cormecting DQO and DQ16, DQl and DQ17, •DQ2 and DQ18,., DQ15 and DQ31, 

respectively. THM328020 is optimized for applications which require high density and large capacity such as 
main memory, image memory systems, and others which require compact size. 

FEATURES 

• 8,388,608 word by 32 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% 

• Low power 

5,808mW MAX. Operating (THMxxxxxx-60) 

4,928mW MAX. Operating (THMxxxxxx-70) 

88mW MAX. Standby 

• (JAS before RAS refresh, KAS only refresh. 

Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 

• 2,048 Refresh cycles/32ms 

• Package 

Tin-Lead Contact; THM328020S-60,70 
Gold Contact: THM328020SG-60,70 


KEY PARAMETERS 



-60 

-70 

tRAC RAS Access Time 

60ns 

70ns 

Iaa Column Address 

Access Time 

30ns 

35ns 

tc;^c t^AS Access Time 

15ns 

20ns 

tRc Cycle Time 

110ns 

130ns 

tpc Fast Page Mode 

Cycle Time 

40ns 

45ns 


PIN NAMES 


A0~A10 

Address Inputs 

DQ0~DQ31 

Data Input/Outputs 

CA5D~CSS5 

Column Address Strobe 

RAS0~RS55 

Row Address Strobe 

W 

Read/Write Input 

^cc 

Power (+5V) 

Vss 

Ground 

PD 

Presence Detect Pin 



-60 

-70 

PDO 

NC 

NC 

PDl 

Vss 

Vss 

PD2 

NC 

Vss 

PD3 

NC 

NC 
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THM328020S/SG -60/70 


PIN CONNECTION (TOP VIEW) 



1 36 37 72 


1 


13 

A1 

25 

DQ22 

37 

NC 

49 

DQ8 

61 

DQ13 

2 

DQO 

14 

A2 

26 

DQ7 

38 

NC 

50 

DQ24 

62 

DQ30 

3 

DQ16 

15 

A3 

27 

DQ23 

39 

Vss 

51 

DQ9 

63 

DQ14 

n 

DQl 

16 

A4 

28 

A7 

o 

CSSD 

52 

DQ25 

64 

DQ31 

5 

DQ17 

17 

A5 

29 

NC 

41 

CAS2 

53 

DQIO 

65 

DQ15 

6 

DQ2 

18 

A6 

30 

mm 

42 

CAS3 

54 

DQ26 

66 

NC 

a 

DQ18 

19 

AlO 

31 

A8 

43 

CSST 

55 

DQll 

67 

PDO 

8 

DQ3 

20 

DQ4 

32 

A9 

44 

RSSD 

56 

DQ27 

68 

PDl 

9 

DQ19 

21 

DQ20 

33 

KAS3 

45 

KS5T 

57 

DQ12 

69 

PD2 

10 

10^111 

22 

DQ5 

34 

RSS2 

46 

NC 

58 

DQ28 

70 

PD3 

11 

NC 

23 

DQ21 

35 

NC 

47 

w 

59 

Vcc 

71 

NC 

12 

AO 

24 

DQ6 

36 

NC 

48 

NC 

60 

DQ29 

72 
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THM328020S/SG -60/70 


BLOCK DIAGRAM 



Vcc o ■ - - t ■ ' .I Ml-16 

t Cl-16 

Vss e - T -- Ml -16 
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THM328020S/SG -60/70 


ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 

ViN 

—1.0~7.0 

V 

1 

Output Voltage 


—1.0~7.0 

■■ 

1 

Power Supply Voltage 


—1.0~7.0 

V 

1 

Operating Temperature 

— 

0~70 

“C 

1 

Storage Temperature 

HQI 

— 55-125 

°c 

1 

Soldering Temperature • Time 


260*10 

°C*sec 

1 

Power Dissipation 

Pd 

11.2 

W 

1 

Short Circuit Output Current 

^UT 

50 

mA 

1 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

CHARACTERISTIC 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 


Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

ViH 

Input High Voltage 

ggjll 

- 

6.5 

V 

2 


Input Low Voltage 

-1.0* 

- 

0.8 

V 

2 


*-2.0V at pulse width i 20 ns 
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THM328020S/SG -60/70 


D.C. ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX 

UNIT 

NOTE 1 

I 

CCl 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRc=tRc MIN.) 

THMxxxxxx-60 

- 

10^ 

mA 

m 

THMxxxxxx-70 

■ 

896 

I 

CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V jjj) 

■ 

32 

mA 


k:c3 

RS5 ONLY REFRESH CURRENT Average 

Power Supply Current, Only Mode 

(RAS Cycling, CAS=Vjjj; tR(3=tj^(3 MIN.) 

THMxxxxxx-60 

- 


mA 

3 

THMxxxxxx-70 

■ 

896 

I 

CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS =ViL, CAS,Address Cycling:tpc=tpc MIN.) 

THMxxxxxx-60 

- 

576 

mA 

B 

THMxxxxxx-70 

■ 

496 

I 

CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RA5=CAS=Vcc-0.2V) 

■ 

16 

mA 


I 

CC6 

CAS BEFORElfAS REFRESH CURRENT 

THMxxxxxx-60 

- 

1056 

mA 

3 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS, Cycling: tRc=tRc MIN.) 

THMxxxxxx-70 

" 

896 

I 

I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0 V<Vin< 6.5V, All Other Pins Not Under Test=0V) 

-160 

160 

pA 


^O(L) 

OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, OV 

-20 

20 

pA 


VOH 

OUTPUT LEVEL 

Output “H” Level Voltage (Iout= -SmA) 

B 

■ 

■ 

■ 

mu 

OUTPUT LEVEL 

Output “L” Level Voltage (IouT=4.2mA) 

■ 

0.4 

■ 

fli 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 


Please refer to the DRAM Module A.C. Conditions No. 16. Notes which are 
referenced in this section are also located in the A.C. Conditions. 


CAPACITANCE (Vcc = 5V ± 10%, f= IMHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

CIl 

Input Capacitance (A0~A10) 

- 

100 

pF 

CI2 

Input Capacitance (W) 

- 

80 

pF 

CI3 

Input Capacitance (RASO, RAS2) 

- 

40 

pF 

CI4 

Input Capacitance (CASO ~CAS3) 

- 

35 

pF 

CDQl 

I/O Capacitance (D(30~31) 

- 

25 

pF 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


C-35 


































































THM328020S/SG -60/70 


OUTLINE DRAWINGS 


FRONT SIDE 


2-03.1810.05 




■fO.10 

1.27-0.08 


BACK SIDE 



«TUM328020S 


• THM328020SG 




Contacts; Tin • Lead 





Contacts: Gold 
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rOSHIBA 


TEiM36102QAS/ASG -60/70/80 


1,048,576 WORD X 36 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

The THM361020A is a 1,048,576 word by 36 bit dynamic RAM module which is assembled with 8 
TC514400ASJ devices and 4 TC51 lOOOAJ/BJ devices on the printed circuit board. This module can be used as 
well as 2,097,152 word by 18 bit by means of connecting DQO and DQ18, DQl and DQ19, DQ2 and DQ20, 

., DQ17 and DQ35, respectively. This module is optimized for applications which require high density and 

large capacity such as main memory, image memory systems, and others which require compact size. 

FEATURES 


• 1,048,576 word by 36 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% 

• Low power 

7,260mW MAX. Operating (THMxxxxxx-60) 

6,160mW MAX. Operating (THMxxxxxx-70) 

5,2844mW MAX. Operating (THMxxxxxx-80) 

66mW MAX. Standby 

• CAS before KASi refresh, RAS only refresh. 

Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 

• 1,024 Refresh cycles/8ms (Burst Refresh) 

• 1,024 Refresh cycles/16ms (Distributed Refresh) 

• Package 

72pin SIMM Tin-Lead Contact: THM361020AS-60,70,80 
72pin SIMM Gold Contact: THM361020ASG-60,70,80 


KEY PARAMETERS 



-60 

-70 

-80 

tRAc RAS Access Time 

60ns 

70ns 

80ns 

tAA Column Address 
Access Time 

30ns 

35ns 

40ns 

tcAc CAS Access Time 

20ns 

20ns 

20ns 

tRc Cycle Time 

110ns 

130ns 

150ns 

tpc Fast Page Mode 
Cycle Time 

45ns 

45ns 

50ns 


PIN NAMES 


A0~A9 

Address Inputs 

DQO~DQ35 

Data Input/Outputs 

CSSD~CAS5 

Column Address Strobe 

RASD,RS52 

Row Address Strobe 

W 

Read/Write Input 

Vcc 

Power (-t-5V) 

Vss 

Ground 

PD 

Presence Detect Pin 

NC 

No Connection 



-60 

-70 

-80 

PDO 

Vss 

Vss 

Vss 

PDl 

Vss 

Vss 

Vss 

PD2 

NC 

Vss 

NC 

PD3 

NC 

NC 

Vss 
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THM361020AS/ASG -60/70/80 


PIN CONNECTION (TOP VIEW) 


V 


lllllllllllllllillllllllllllllllllll■mllllllllllllllllllliillllllllllllll 


1 


36 37 


72 


1 

IB 

13 

A1 

25 

DQ24 

37 

DQ17 

49 

DQ9 

61 

DQ14 

2 

DQO 

14 

A2 

26 

DQ7 

38 

DQ35 

50 

DQ27 

62 

DQ33 

3 

DQ18 

15 

A3 

27 

DQ25 

39 

m 

51 

DQIO 

63 

DQ15 

ID 

DQl 

16 

A4 

28 

A7 

40 

csso 

52 

DQ28 

64 

DQ34 

5 

DQ19 

17 

A5 

29 

NC 

41 

CA52 

53 

DQll 

65 

DQ16 

6 

DQ2 

18 

A6 

30 


42 

CSS3 

54 

DQ29 

66 

NC 

D 

DQ20 

19 

NC 

31 

A8 

43 

CAST 

55 

DQ12 

67 

PDO 

8 

DQ3 

20 

DQ4 

32 

A9 

44 

ESSO 

56 

E)Q30 

68 

PDl 

9 

DQ21 

21 

DQ22 

33 

NC 

45 

NC 

57 

DQ13 

69 

PD2 

10 

Vex: 

22 

DQ5 

34 

RSS2 

46 

NC 

58 

DQ31 

70 

PD3 

11 

NC 

23 

DQ23 

35 

DQ26 

47 

W 

59 

Vcc 

71 

NC 

12 

AO 

24 

DQ6 

36 

DQ8 

48 

NC 

60 

DQ32 

72 



C-38 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 













































































































































THM361020AS/ASG -60/70/80 


BLOCK DIAGRAM 
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THM361020AS/ASG -60/70/80 


ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 


— 1.0-7.0 

■■ 

1 

Output Voltage 


— 1.0-7.0 

■■ 

1 

Power Supply Voltage 


—1.0-7.0 

■■ 

1 

Operating Temperature 


0-70 

°C 

1 

Storage Temperature 


-55-125 

°c 

1 

Soldering Temperature • Time 


260*10 

°C*sec 

1 

Power Dissipation 

Pd 

8.0 

W 

1 

Short Circuit Output Current 

k»UT 

50 

mA 

1 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

CHARACTERISTIC 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 


Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

m 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

ViL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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THM361020AS/ASG -60/70/80 


D.C. ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX 

UNIT 

NOTE 

I 

CCl 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRc=^RC MIN ) 

THMxxxxxx-60 

- 


mA 

3,4 

5 

THMxxxxxx-70 

- 

1120 

THMxxxxxx-80 

- 


*CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V j jj) 

■ 

24 

mA 


k:c3 

ESS ONLY REFRESH CURRENT Average 

Power Supply Current, Only Mode 

(ESS Cycling, CAS=Vjjj: tj^(|;=tRc MIN.) 

THMxxxxxx-60 

- 

1320 

tnA 

3.5 

THMxxxxxx-70 

• 

1120 

THMxxxxxx-80 



^CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(ESS =ViL, CAS,Address Cycling:tpc=tpc MIN.) 

THMxxxxxx-60 

- 

Ha 

mA 

3,4 

5 

THMxxxxxx-70 

- 

m!m 

THMxxxxxx-80 

- 


I 

CCS 

STANDBY CURRENT 

Power Supply Standby Current 
(ESS=CSS=Vcc-0.2V) 

■ 

12 

mA 


^CC6 

CSS BEFORE'ESS refresh CURRENT 

THMxxxxxx-60 

- 

1320 

mA 

3,5 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CSS, Cycling: tRc^^RC MIN.) 

THMxxxxxx-70 

- 

1120 

THMxxxxxx-80 

- 


I 

I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0V<Vii,{^6.5V, All Other Pins Not Under Test=0V) 

-120 

120 

pA 

■ 

0(L) 

OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, OV ^Vq^jp^5.5V) 

-10 

10 

pA 



OUTPUT LEVEL 

Output “H” Level Voltage (Iout= -SmA) 

m 

■ 

V 


mm 

OUTPUT LEVEL 

Output “L” Level Voltage (IouT=4.2niA) 

D 

0.4 

D 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 


Please refer to the DRAM Module A.C. Conditions No. 4. Notes which are 
referenced in this section are also located in the A.C. Conditions. 


CAPACITANCE (Vcc = 5V ± 10%, f= IMHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

CII 

Input Capacitance (A0~A9) 

- 

88 

pF 

CI2 

Input Capacitance (W) 

- 

84 

pF 

CI3 

Input Capacitance (RASO , RAS2) 

- 

42 

pF 

CI4 

Input Capacitance (CASO - CAS3) 

- 

36 

pF 

CDQl 

I/O Capacitance (DQ0~7,9~16,18~25,27-34) 

- 

17 

pF 

CDQ2 

I/O Capacitance (DQ8,17,26,35) 

- 

22 

pF 


TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 


C-41 

































































THM361020AS/ASG -60/70/80 


OUTLINE DRAWINGS 

L1LU96X020AS/ASO 

Unit in mm 


FRONT SIDE * 2>03.t8±O.O5 



BACK SIDE 



•THM361020AS/ASa60 USB TC514400ASJ.TC511000BJ 

•THM36102aAS/ASO-70,80,10 USE TC514400ASJ ,TC51100QAJ 


• THM361020AS 


• THM361020ASO 
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rOSHIBA 


THM3610B0AS/ASG -70/80 


1,048,576 WORD X 36 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

The THM3610B0AS/ASG is a 1,048,576 word by 36 bit dynamic RAM module which is assembled with 
2 TC5118180AJ devices on the printed circuit board. This module can be as well used as 2,097,152 word by 16 

bit by means of connecting DQO and DQ18, DQl and DQ19, DQ2 and DQ20, ., DQ17 and DQ35, 

respectively. This module is optimized for applications which require high density and large capacity such as 
main memory, image memory systems, and others which require compact size. 

FEATURES 

• 1,048,576 word by 36 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% 

• Low power 

l,650mW MAX. Operating (THMxxxxxx-70) 
l,430mW MAX. Operating (THMxxxxxx-80) 
llmWMAX. Standby 

• CAS before RAS refresh, RAS only refresh. 

Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 

• 1,024 Refresh cycles/16ms 

• Package 

Tin-Lead Contact: THM3610B0AS-xx 
Gold Contact: THM3610B0ASG-xx 


KEY PARAMETERS 



-70 

-80 

tjiAc RAS Access Time 

70ns 

80ns 

tAA Column Address 

Access Time 

35ns 

40ns 

tcAc CAS Access Time 

20ns 

20ns 

tRc Cycle Time 

130ns 

150ns 

tpc Fast Page Mode 

Cycle Time 

45ns 

50ns 


PIN NAMES 


A0~A9 

Address Inputs 

DQO~DQ35 

Data Input/Outputs 

CSSD~C7fS3 

Column Address Strobe 

RS5D,RS52 

Row Address Strobe 

W 

Read/Write Input 

Vcc 

Power (+5V) 

Vss 

Ground 

PD 

Presence Detect Pin 

NC 

No Connection 



-70 

-80 

PDO 

Vss 

Vss 

PDl 

Vss 

Vss 

PD2 

Vss 

NC 

PD3 

NC 

Vss 
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THM3610B0AS/ASG -70/80 


PIN CONNECTION (TOP VIEW) 


I 


o 


iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiRliiliiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 


1 


36 37 


72 


1 


13 

A1 

25 

DQ24 

37 

DQ17 

49 

DQ9 

61 

DQ14 

2 

DQO 

14 

A2 

26 

DQ7 

38 

DQ35 

50 

DQ27 

62 

DQ33 

3 

DQ18 

15 

A3 

27 

DQ25 

39 

IQI 

51 

DQIO 

63 

DQ15 

D 

DQl 

16 

A4 

28 

A7 

40 

CASD 

52 

DQ28 

64 

DQ34 

5 

DQ19 

17 

A5 

29 

NC 

41 

CA52 

53 

DQll 

65 

DQ16 

6 

DQ2 

18 

A6 

30 


42 

CAS3 

54 

DQ29 

66 

NC 

B 

DQ20 

19 

NC 

31 

A8 

43 

CAST 

55 

DQ12 

67 

PDO 

8 

DQ3 

20 

DQ4 

32 

A9 

44 

raso 

56 

DQ30 

68 

PDl 

9 

DQ21 

21 

DQ22 

33 

NC 

45 

NC 

57 

DQ13 

69 

PD2 

10 

^cc 

22 

DQ5 

34 

RSS2 

46 

NC 

58 

DQ31 

70 

PD3 

11 

NC 

23 

DQ23 

35 

DQ26 

47 

W 

59 

Vcc 

71 

NC 

12 

AO 

24 

DQ6 

36 

DQ8 

48 

NC 

60 

DQ32 

72 

Vss 
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THM3610B0AS/ASG -70/80 


BLOCK DIAGRAM 



rneuiRA AUCDir a ci Eirronuir muDnucMTe lur 
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THM3610B0AS/ASG -70/80 


ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 


— 0.5~Vcc + 0.5 

V 

1 

Output Voltage 


— 0.5~Vcc + 0.5 

■■ 

1 

Power Supply Voltage 

^cc 

— 0.5~7.0 

V 

1 

Operating Temperature 


0~70 

°c 

1 

Storage Temperature 


— 55-125 

°c 

1 

Soldering Temperature • Time 


260* 10 

°C»sec 

1 

Power Dissipation 

Pd 

1.8 

W 

1 

Short Circuit Output Current 

k)UT 

50 

mA 

1 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

CHARACTERISTIC 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

B9| 

Supply Voltage 

4.5 

5.0 

5.5 

■■ 

2 

V,H 

Input High Voltage 

2.4 

- 

Vcc + 0.5* 

bh 

2 

ViL 

Input Low Voltage 

-0.5** 

- 

0.8 

V 

2 


*Vcc + 2.0V at pulse width S 20 ns (pulse width measured at Vcc) 
**-2.0V at pulse width i 20 ns (pulse width measured at OV) 
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THM3610B0AS/ASG -70/80 


D.C. ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX 

UNIT 

NOTE 

^CCl 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRc^^RC MIN.) 

THMxxxxxx-70 

- 

300 

mA 

3,4 

5 

THMxxxxxx-80 

■ 

260 

^CC 2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V jjj) 

1 

■ 

mA 


k:c3 

RS5 ONLY REFRESH CURRENT Average 

Power Supply Current, 555 Only Mode 
(RAS Cycling, CAS=Vj{j: tRC~^RC MIN.) 

THMxxxxxx-70 


300 

mA 

3,5 

THMxxxxxx-80 

■ 

260 

^CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS =V£L, CAS,Address Cycling:tpc=tpc MIN.) 

THMxxxxxx-70 

- 

170 

mA 

3,4 

5 

THMxxxxxx-80 

■ 

150 

*CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RS5=CS5=Vcc-0.2V) 

■ 

2 

mA 


^CC 6 

CAS BEFORETEAS REFRESH CURRENT 

THMxxxxxx-70 


300 

mA 

3,5 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS, Cycling; tRc^^RC MIN.) 

THMxxxxxx-80 

■ 

260 

Vl) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0 V<Vin< 6.5V, All Other Pins Not Under Test=0V) 

-20 

20 

pA 


0{L) 

OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, OV <Vout^5.5V) 

-10 

10 

pA 


Vqh 

OUTPUT LEVEL 

Output “H” Level Voltage (Iout= -5mA) 

m 

■ 

a 

■ 

VoL 

OUTPUT LEVEL 

Output “L” Level Voltage (IouT=4.2niA) 

D 

0.4 

D 

■ 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 


Please refer to the DRAM Module A.C. Conditions No. 20. Notes which are 
referenced in this section are also located in the A.C. Conditions. 


CAPACITANCE (Vcc = 5V ± 10%, f= IMHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

CIl 

Input Capacitance (A0~A9) 

- 

15 

pF 

CI2 

Input Capacitance (W) 

- 

19 

pF 

CI3 

Input Capacitance (RASO, RAS2) 

- 

12 

pF 

CI4 

Input Capacitance (CASO ~CAS3) 

- 

12 

pF 

CDQ 

I/O Capacitance (D(30~35) 

- 

12 

pF 
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THM3610B0AS/ASG -70/80 


OUTLINE DRAWINGS 



THM3610B0AS/ASG 


Unit ; mm 



2-03.1810.05 

1^- 

107.9510.13 

,| |,, j5.08MAX. 




6.3510.08 


95.2510.08 


101.1910.13 


•f0.t0 

1.27-0.08 


DETAIL OF CONTACTS •THM3610B0AVASG 

, , 1.0410.05 


o Contacts: Tin-L«ad / Gold 
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TOSHIBA 


THM361070AS/ASG -60/70/80 


1,048,576 WORD X 36 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

The THM361070AS/ASG is a 1,048,576 word by 36 bit dynamic RAM module which is assembled with 
8 TC514400SJ devices on the printed circuit board. This module is optimized for applications which require 
high density and large capacity such as main memory, image memory systems, and others which require 
compact size. 

FEATURES 


• 1,048,576 word by 36 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% 

• Low power 

5,940mW MAX. Operating (THMxxxxxx-60) 

4,950mW MAX. Operating (THMxxxxxx-70) 

4,208mW MAX. Operating (THMxxxxxx-80) 

49.5mW MAX. Standby 

• Cas> before KAS refresh, kAii only refresh. 

Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 

• 1,024 Refresh cycles/16ms 

• Package 

72 pin SIMM Tin-Lead Contact: THM361070AS-60,70,80 
72 pin SIMM Gold Contact: THM361070ASG-60,70,80 


KEY PARAMETERS 



-60 

-70 

-80 

tRAC RAS Access Time 

60ns 

70ns 

80ns 

t^A Column Address 
Access Time 

30ns 

35ns 

40ns 

tcAc CAS Access Time 

20ns 

20ns 

20ns 

tRc Cycle Time 

110ns 

130ns 

150ns 

tpc Fast Page Mode 
Cycle Time 

45ns 

45ns 

50ns 


PIN NAMES 


A0~A9 

Address Inputs 

DQO~DQ35 

Data Input/Outputs 

CSS 

Column Address Strobe 

RS5 

Row Address Strobe 

W 

Read/Write Input 

Vcc 

Power (+5V) 

Vss 

Ground 

PD 

Presence Detect Pin 

NC 

No Connection 



-60 

-70 

-80 

PDO 

Vss 

Vss 

Vss 

PDl 

^ss 

Vss 

Vss 

PD2 

NC 

Vss 

NC 

PD3 

NC 

NC 

Vss 

PD4 

NC 

NC 

NC 
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THM361070AS/ASG -60/70/80 


PIN CONNECTION (TOP VIEW) 



1 36 37 72 


1 

Vss 

13 

A1 

25 

DQ13 

37 

DQ19 

49 

DQ22 

61 

DQ33 

2 

DQO 

14 

A2 

26 

DQ14 

38 

DQ20 

50 

DQ23 

62 

DQ34 

3 

DQl 

15 

A3 

27 

DQ15 

39 

^ss 

51 

DQ24 

63 

DQ35 

D 

DQ2 

16 

A4 

28 

A7 

40 


52 

DQ25 

64 

NC 

5 

DQ3 

17 

A5 

29 

DQ16 

41 

NC 

53 

DQ26 

65 

NC 

6 

DQ4 

18 

A6 

30 

^cc 

42 

NC 

54 

DQ27 

66 

NC 

n 

DQ5 

19 

DE 

31 

A8 

43 

NC 

55 

DQ28 

67 

PDO 

8 

DQ6 

20 

DQ8 

32 

A9 

44 

RA5 

56 

DQ29 

68 

PDl 

9 

DQ7 

21 

DQ9 

33 

NC 

45 

NC 

57 

DQ30 

69 

PD2 

10 

^cc 

22 

DQIO 

34 

NC 

46 

DQ21 

58 

DQ31 

70 

PD3 

11 

PD4 

23 

DQll 

35 

DQ17 

47 

W 

59 


71 

NC 

12 

AO 

24 

DQ12 

36 

DQl 8 

48 

^ss 

60 

DQ32 

72 

Vss 
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THM361070AS/ASG -60/70/80 





Ml~9 

M1~9 
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THM361070AS/ASG -60/70/80 


ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 


— 1.0-7.0 

V 

1 

Output Voltage 


—1.0-7.0 

V 

1 

Power Supply Voltage 


— 1.0-7.0 

V 

1 

Operating Temperature 


0-70 

°c 

1 

Storage Temperature 


— 55-125 

°c 

1 

Soldering Temperature • Time 


260 • 10 

°C»sec 

1 

Power Dissipation 

Pd 

6.3 

W 

1 

Short Circuit Output Current 

lour 

50 

mA 

1 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

CHARACTERISTIC 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

^CC 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

ViH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

ViL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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THM361070AS/ASG -60/70/80 


D.C. ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX 

UNIT 

NOTE 

I 

CCl 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: Irc^^RC MIN.) 

THMxxxxxx-60 

- 


mA 

3,4 

5 

THMxxxxxx-70 

- 

900 

THMxxxxxx-80 

- 

765 

^CC2 

STANDBY CURRENT 

Power Supply Standby Current 

(ras=Cas=v m) 

■ 

18 

mA 


k:c3 

RAS ONLY REFRESH CURRENT Average 

Power Supply Current, Rsg Only Mode 
(RAS Cycling, CAS=V[jj: tRc=tj^C MIN.) 

THMxxxxxx-60 

- 


mA 

3,5 

THMxxxxxx-70 

- 

msm 

THMxxxxxx-80 

- 

765 

I 

CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS =ViL, CAS,Address Cycling:tpc=tpc MIN.) 

THMxxxxxx-60 

- 

630 

mA 

3,4 

5 

THMxxxxxx-70 

- 

630 

THMxxxxxx-80 

- 

540 

I 

CCS 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V cC'O- 2 V) 

■ 

9 

mA 


I 

CC6 

css BEFORETiSS REFRESH CURRENT 

THMxxxxxx-60 

- 


mA 

3,5 

Average Power Supply Current, CSS Before Ras 
M ode (RSS, CSS, Cycling: tR(;;=tRc MIN.) 

THMxxxxxx-70 

- 


THMxxxxxx-80 

- 

765 

I 

I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0 V<Vin< 6.5V, All Other Pins Not Under Test=0V) 

-90 

90 

pA 

■ 

0(L) 

OUTPUT LEAKAGE CURRENT 
(Dour dis&blcd, OV 

-10 


pA 

■ 


OUTPUT LEVEL 

Output “H” Level Voltage (Iout= -5mA) 

Q 

■ 

■ 


lISlii 

OUTPUT LEVEL 

Output “L” Level Voltage (IouT=4.2mA) 

■ 

0.4 

■ 

■ 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 


Please refer to the DRAM Module A.C. Conditions No. 11. Notes which are 
referenced in this section are also located in the A.C. Conditions. 


CAPACITANCE (Vcc = 5V ± 10%, f= IMHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

CIl 

Input Capacitance (A0-A9) 

- 

80 

pF 

CI2 

Input Capacitance (W, DE) 

- 

70 

pF 

CI3 

Input Capacitance (RAS) 

- 

60 

pF 

CI4 

Input Capacitance (CAS) 

- 

50 

pF 

CDQ 

I/O Capacitance (DQ0~35) 

- 

15 

pF 
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THM361070AS/ASG -60/70/80 


OUTLINE DRAWINGS 

THM361070AS/ASG 


Unit : mm 



DETAIL OF CONTACTS • THM361070AV ASG 



r4 


o Contacts: Tin-Lead / Gold 
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TOSHIBA 


THM362020AS/ASG -60/70/-^ 


2,097,152 WORD X 36 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

The THM362020A is a 2,097,152 word by 36 bit dynamic RAM module which is assembled with 16 
TC514400ASJ devices and 8 TC51 lOOOBJ/AJ devices on the printed circuit board. This module can be used as 
well as 4,194,304 word by 18 bit by means of connecting DQO and DQ18, DQl and DQ19, DQ2 and DQ20, 

., DQ17 and DQ35, respectively. This module is optimized for applications which require high density and 

large capacity such as main memory, image memory systems, and others which require compact size. 

FEATURES 


• 2,097,152 word by 36 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% 

• Low power 

7,392mW MAX. Operating (THMxxxxxx-60) 

6,292mW MAX. Operating (THMxxxxxx-70) 

5,416mW MAX. Operating (THMxxxxxx-80) 

132 mW M AX. Standby_ 

• CAS before I?AS refresh, KAS only refresh. 

Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 

• 1,024 Refresh cycles/8ms (Burst Refresh) 

• 1,024 Refresh cycles/16ms (Distributed Refresh) 

• Package 

72 pin SIMM Tin-Lead Contact: THM362020AS-60,70,80 
72 pin SIMM Gold Contact: THM362020ASG-60,70,80 


KEY PARAMETERS 



-60 

-70 

-80 

tj^c KAS Access Time 

60ns 

70ns 

80ns 

t;^ Column Address 
Access Time 

30ns 

35ns 

40ns 

tcAC GAS Access Time 

20ns 

20ns 

20ns 

tRc Cycle Time 

110ns 

130ns 

150ns 

tpc Fast Page Mode 
Cycle Time 

45ns 

45ns 

50ns 


PIN NAMES 


A0~A9 

Address Inputs 

DQO~DQ35 

Data Input/Outputs 

CASD~C75ST 

Column Address Strobe 


Row Address Strobe 

W 

Read/Write Input 

^cc 

Power (-t-5V) 

Vss 

Ground 

NC 

No Connection 



-60 

-70 

-80 

PDO 

NC 

NC 

NC 

PDl 

NC 

NC 

NC 

PD2 

NC 

^ss 

NC 

PD3 

NC 

NC 

Vss 


TnCUIBA AftHBDI/'A Cl r^/MlDr^lklCkl're 


Ikl^ 









































THM362020AS/ASG -60/70/80 


PIN CONNECTION (TOP VIEW) 




36 


37 


72 


1 


13 

A1 

25 

DQ24 

37 

DQ17 

49 

DQ9 

61 

DQ14 

2 

DQO 

14 

A2 

26 

DQ7 

38 

DQ35 

50 

DQ27 

62 

DQ33 

3 

DQ18 

15 

A3 

27 

DQ25 

39 

mm 

51 

DQIO 

63 

DQ15 

■I 

DQl 

16 

A4 

28 

A7 

40 

CASD 

52 

DQ28 

64 

DQ34 

5 

DQ19 

17 

A5 

29 

NC 

41 

CA52 

53 

DQll 

65 

DQ16 

6 

DQ2 

18 

A6 

30 


42 

CSS3 

54 

DQ29 

66 

NC 

B 

DQ20 

19 

NC 

31 

A8 

43 

CAST 

55 

DQ12 

67 

PDO 

g 

DQ3 

20 

DQ4 

32 

A9 

44 

RASO 

56 

DQ30 

68 

PDl 

9 

DQ21 

21 

DQ22 

33 


45 

RAST 

57 

DQ13 

69 

PD2 

10 

Vcc 

22 

DQ5 

34 

RAS2 

46 

NC 

58 

DQ31 

_ 

70 

PD3 

11 

NC 

23 

DQ23 

35 

DQ26 

47 

W 

59 


71 

NC 

12 

AO 

24 

DQ6 

36 

DQ8 

48 

NC 

60 

DQ32 

72 

Vss 
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THM362020AS/ASG -60/70/80 



1/01 ?S5 

M12 W 

^ 5E 

I V- 

1751 

M13 ^ 

JgjAM W JSC 

\ V ' 

Din V114 _ CAS 

Dout AO-9 W roS 

I 1^ === 

1/01 

MIS 

“Jam W 5e 

I V 

1/01 ?a5 

!;02 m16 

JSJam w JSI 

\ t' 

Din m17 ^ 

Dout AO-9 W 

^ Z ::=±= ^ 

ITol ^ 5 j 

|;0 2 m18 m\ 

1SJa 0.9 W Cf 

I V ~ 

1/0 1 C55 

i;?3 M19 _ m 

|;0 3ao- 9 W Cf 

I .V- 

Din M20 CAS 

Dout AO-9 W 

I Y -= 

1/01 ?a5 

USa M2 i _ HaJ 

i;gjA0-9 w OE 

I V 

1/0 1 Ca5 

m22 1?a5 

ISJaM W 5e 

I V — 

Din M23 ^ 

Dout AO-9 W 1C55 


Tneuinii AUCDir^A ci cnTonuir' muDnucMTc iiar* 



















THM362020AS/ASG -60/70/80 


ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 


—1.0~7.0 

V 

1 

Output Voltage 


— 1.0-7.0 

V 

1 

Power Supply Voltage 

Vcc 

—1.0~7.0 

V 

1 

Operating Temperature 


0-70 

°c 

1 

Storage Temperature 


— 55-125 

°c 

1 

Soldering Temperature • Time 


260* 10 

°C»sec 

1 

Power Dissipation 

Pd 

16.0 

W 

1 

Short Circuit Output Current 

lour 

50 

mA 

1 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

CHARACTERISTIC 

MDSr. 

TYP. 

MAX. 

UNIT 

NOTE 

^cc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

ViH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

ViL 

Input Low Voltage 

-1.0 

- 

0.8 

■■ 

2 
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THM362020AS/ASG -60/70/80 


D.C. ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX 

UNIT 

NOTE 

I 

CCl 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRc=tRc MIN.) 

THMxxxxxx-60 

- 

1344 

mA 

3,4 

5 

THMxxxxxx-70 

- 

1144 

THMxxxxxx-80 

- 

984 

I 

CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=Cas=V jjj) 

■ 

48 

mA 


ICC3 

R7f5 ONLY REFRESH CURRENT Average 

Power Supply Current, Only Mode 

(RAS Cycling, CAS=Vih: tRc=tRc MIN.) 

THMxxxxxx-60 

- 

1344 

mA 

3,5 

THMxxxxxx-70 

- 

1144 

THMxxxxxx-80 

- 

984 

I 

CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS =ViL, CAS,Address Cycling:tpc=tpc MIN.) 

THMxxxxxx-60 

- 

824 

mA 

3,4 

5 

THMxxxxxx-70 

- 

824 

THMxxxxxx-80 

- 

704 

I 

CCS 

STANDBY CURRENT 

Power Supply Standby Current 
(RS5=CA5=Vcc-0.2V) 

■ 

24 

mA 


I 

CC6 

CSS BEFORETfSS REFRESH CURRENT 

THMxxxxxx-60 

- 

1344 

mA 

3,5 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS, Cycling; tRc=tRc MIN.) 

THMxxxxxx-70 

- 

1144 

THMxxxxxx-80 

- 

984 

I 

I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0 V<Vin< 6.5V, All Other Pins Not Under Test=0V) 

-240 

240 

\lA 

■ 

0(L) 

OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, OV <Vout-5-5V) 

-20 

20 

pA 


VOH 

OUTPUT LEVEL 

Output “H” Level Voltage (Iout= -5niA) 

m 

a 

D 



OUTPUT LEVEL 

Output “L” Level Voltage (IouT=4.2mA) 

D 

0.4 

V 

_ 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 


Please refer to the DRAM Module A.C. Conditions No. 4.Notes which are referenced 
in this section are also located in the A.C. Conditions. 


CAPACITANCE (Vcc = 5V± 10%, f= IMHz, Ta= 0~70°C) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

CIl 

Input Capacitance (A0~A9) 

- 

161 

pF 

CI2 

Input Capacitance (W) 

- 

168 

pF 

CI3 

Input Capacitance (RAS0 ~RaS2) 

- 

42 

pF 

CI4 

Input Capacitance (CAS0~CAS3) 

- 

42 

pF 

CDQl 

I/O Capacitance (DQ0~7,9-16,18-25,27-34) 

- 

29 

pF 

CDQ2 

I/O Capacitance (DQ8, 17,26,35) 

- 

39 

pF 
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29.68±0.13 


THM362020AS/ASG -60/70/80 


OUTLINE DRAWINGS 

THM362020AS/ASG 


Unit in mm 

FRONT SIDE 2-03.1810.05 



BACK SIDE 


j iiiiiiiiiiiiiinrmTiiiiinniiiiiii v/'TiiiiiiiiiiiiiiiFiifiiiinimiiiiii^ 
fo o 


rmn mm iitiii rrmn iimi nrm iTTm_mTrL mm. mm Ji^ .nim^ 


1 II ll II 

1 II 1 



1 II ni ^1 I 


•THM362020AS/ASO-60 USE TC614400ASJ, TC51 lOOOBJ 

•THM362020AS/ASO-70,80,10 USE TC614400ASJ, TC511000AJ 


• THM362020AS • THM362020ASa 
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TOSHIBA 


TEiM362040AS/AS060/70/80 


2,097,152 WORD X 36 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

The THM362040A is a 2,097,152 word by 36 bit dynamic RAM module which is assembled with 18 
TC514400ASJ devices and 8 TC51 lOOOBFT devices on the printed circuit board. This module can be used as 
well as 2,097,152 words by 18 bits dynamic RAM module, by means of connecting DQO and DQ18, DQl and 

DQ19, DQ2 and DQ20,., DQ17 and DQ35, respectively. This module is optimized for applications which 

require high density and large capacity such as main memory, image memory systems, and others which require 
compact size. 

FEATURES 


• 2,097,152 word by 36 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% 

• Low power 

7,392mW MAX. Operating (THMxxxxxx-60) 

6,292mW MAX. Operating (THMxxxxxx-70) 

5,416mW MAX. Operating (THMxxxxxx-80) 

132mW MAX. Standby 

• CAS before RAS refresh, KAS only refresh. 

Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 

• 1,024 Refresh cycles/8ms (Burst Refresh) 

• 1,024 Refresh cycles/16ms (Distributed Refresh) 

• Package 

72 pin SIMM Tin-Lead Contact: THM362040AS-60,70,80 
72 pin SIMM Gold Contact: THM362040ASG-60,70,80 


KEY PARAMETERS 



-60 

-70 

-80 

tRAc RAS Access Time 

60ns 

70ns 

80ns 

Iaa Column Address 
Access Time 

30ns 

35ns 

40ns 

t^Ac CAS Access Time 

20ns 

20ns 

20ns 

tRc Cycle Time 

110ns 

130ns 

150ns 

tpc Fast Page Mode 
Cycle Time 

45ns 

45ns 

50ns 


PIN NAMES 


A0-A9 

Address Inputs 

DQO~DQ35 

Data Input/Outputs 

CASD~CS53 

Column Address Strobe 

RASD~RA53 

Row Address Strobe 

W 

Read/Wiite Input 

^cc 

Power (+5V) 

Vss 

Ground 

NC 

No Connection 



-60 

-70 

-80 

PDO 

NC 

NC 

NC 

PDl 

NC 

NC 

NC 

PD2 

NC 

Vss 

NC 

PD3 

NC 

NC 

Vss 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. C-61 


















THM362040AS/ASG^/70/80 


PIN CONNECTION (TOP VIEW) 




36 37 


72 


1 

miQi 

13 

A1 

25 

DQ24 

37 

DQ17 

49 

DQ9 

61 

DQ14 

2 

DQO 

14 

A2 

26 

DQ7 

38 

DQ35 

50 

DQ27 

62 

DQ33 

3 

DQ18 

15 

A3 

27 

DQ25 

39 


51 

DQIO 

63 

DQ15 

ID 

DQl 

16 

A4 

28 

A7 

40 

C5C5D 

52 

DQ28 

64 

DQ34 

5 

DQ19 

17 

A5 

29 

NC 

41 

CA52 

53 

DQll 

65 

DQ16 

6 

DQ2 

18 

A6 

30 

ms 

42 

CAS3 

54 

DQ29 

66 

NC 

m 

DQ20 

19 

NC 

31 

A8 

43 

CS5T 

55 

DQ12 

67 

PDO 

8 

DQ3 

20 

DQ4 

32 

A9 

44 

RS5T 

56 

DQ30 

68 

PDl 

9 

DQ21 

21 

DQ22 

33 

RSS5 

45 

NC 

57 

DQ13 

69 

PD2 

10 

1291 

22 

DQ5 

34 

RAS2 

46 

NC 

58 

DQ31 

70 

PD3 

11 

NC 

23 

DQ23 

35 

DQ26 

47 

W 

59 

^cc 

71 

NC 

12 

AO 

24 

DQ6 

36 

DQ8 

48 

NC 

60 

DQ32 

72 
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THM362040AS/ASG-60/70/80 


ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 


—1.0~7.0 

V 

1 

Output Voltage 


—1.0~7.0 

V 

1 

Power Supply Voltage 

Vcc 

— 1.0-7.0 

V 

1 

Operating Temperature 


0-70 

°C 

1 

Storage Temperature 


— 55-125 

°C 

1 

Soldering Temperature • Time 


260*10 

°C*sec 

1 

Power Dissipation 

Pd 

16.0 

W 

1 

Short Circuit Output Current 

Iqut 

50 

mA 

1 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

CHARACTERISTIC 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

IBH 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

ViH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

ViL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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THM362040AS/ASG-60/70/80 


D.C. ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX 

UNIT 

NOTE 

I 

CCl 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRc=tRc MIN.) 

THMxxxxxx-60 

- 

1344 

mA 

3,4 

5 

THMxxxxxx-70 

- 

1144 

THMxxxxxx-80 

- 

984 

^CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V jjj) 

■ 

48 

mA 


k:c3 

RS5 ONLY REFRESH CURRENT Average 

Power Supply Current, Only Mode 

(RAS Cycling, CAS=Vjjj: tR^—^RC MIN.) 

THMxxxxxx-60 

- 

1344 

mA 

3,5 

THMxxxxxx-70 

- 

1144 

THMxxxxxx-80 

- 

984 

I 

CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS =ViL, CAS,Address Cycling:tpc=tpc MIN.) 

THMxxxxxx-60 

- 

824 

mA 

3,4 

5 

THMxxxxxx-70 

- 

824 

THMxxxxxx-80 

- 

704 

I 

CCS 

STANDBY CURRENT 

Power Supply Standby Current 
(RS5=CAS=Vcc-0.2V) 

■ 

24 

mA 


^CC6 

CAS BEFORETJAS REFRESH CURRENT 

THMxxxxxx-60 

- 

1344 

mA 

3,5 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS, Cycling: tRc=tRc MIN.) 

THMxxxxxx-70 

- 

1144 

THMxxxxxx-80 

- 

984 

Vl) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0 V^Vin< 6.5V, All Other Pins Not Under Test=0V) 

-240 

240 

pA 

■ 

*0(L) 

OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, OV ^out^*5V) 

-20 

20 

pA 


VOH 

OUTPUT LEVEL 

Output “H” Level Voltage (Iout= -SmA) 

B 

B 

D 



OUTPUT LEVEL 

Output “L” Level Voltage (Ioirr=4-2mA) 

D 

0.4 

B 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 

Please refer to the DRAM Module A.C. Conditions No. 12. Notes which are 
referenced in this section are also located in the A.C. Conditions. 


CAPACITANCE (Vcc = 5V ± 10%, f= IMHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

CIl 

Input Capacitance (A0~A9) 

- 

161 

pF 

CI2 

Input Capacitance (W) 

- 

168 

pF 

CI3 

Input Capacitance (RASo-RaS3) 

- 

42 

pF 

CI4 

Input Capacitance (CAS0~CAS3) 

- 

42 

pF 

CDQl 

I/O Capacitance (DQ0~7,9~16,18-25,27-34) 

- 

29 

pF 

CDQ2 

I/O Capacitance (DQ8,17, 26, 35) 

- 

39 

pF 
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THM362040AS/ASG-60/70/80 


OUTLINE DRAWINGS 


THM362040AS/ASG 


Unit i 


FRONT SIDE 



BACK SIDE 






•THM362040AS/ASG-60.70,80,10 USB TC514400ASJ .TCSllOOOBFT 


• THM362040AS • THM362040ASG 
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rOSHIBA 


THM3620C0AS/ASG -70/80 


2,097,152 WORD X 36 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

The THM3620C0A is a 2,097,152 words by 36 bit dynamic RAM module which is assembled with 4 
TC5118180AJ devices on the printed circuit board. This module can be as well used as 4,193,304 word by 18 

bit by means of connecting DQO and DQ18, DQl and DQ19, DQ2 and DQ20, ., DQ17 and DQ35, 

respectively. This module is optimized for applications which require high density and large capacity such as 
main memory, image memory systems, and others which require compact size. 

FEATURES 

• 2,097,152 word by 36 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% 

• Low power 

l,672mW MAX. Operating (THMxxxxxx-70) 
l,452mW MAX. Operating (THMxxxxxx-80) 

22mW MAX. Standby 

• CAS before RAM refresh, RAS only refresh. 

Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 

• 1,024 Refresh cycles/16ms 

• Package 

72 pin SIMM Tin-Lead Contact: THM3620C0AS-xx 
72 pin SIMM Gold Contact: THM3620C0ASG-xx 


KEY PARAMETERS 



-70 

-80 

tRAc RAS Access Time 

70ns 

80ns 

IAA Column Address 

Access Time 

35ns 

40ns 

tcAc CAS Access Time 

20ns 

20ns 

tRc Cycle Time 

130ns 

150ns 

tpc Fast Page Mode 

Cycle Time 

45ns 

50ns 


PIN NAMES 


A0~A9 

Address Inputs 

DQ0~DQ31 

Data Input/Outputs 

CA5D~C^ 

Column Address Strobe 

RS5D~RS53 

Row Address Strobe 

W 

Read/Write Input 

^cc 

Power (+5V) 

Vss 

Ground 

PD 

Presence Detect Pin 

NC 

No Connection 



-70 

-80 

PDO 

NC 

NC 

PDl 

NC 

NC 

PD2 

Vss 

NC 

PD3 

NC 

Vss 


ir^eUIDA A Cl IKI/' 







THM3620C0AS/ASG -70/80 


PIN CONNECTION (TOP VIEW) 




Illlllllillllllllllllllllllllllllllll91llllllilllllllllllliiliillllllllllll 


1 


36 37 


72 


1 

Vss 

13 

A1 

25 

DQ24 

37 

DQ17 

49 

DQ9 

61 

DQ14 

2 

DQO 

14 

A2 

26 

DQ7 

38 

DQ35 

50 

DQ27 

62 

DQ33 

3 

DQ18 

15 

A3 

27 

DQ25 

39 

Vss 

51 

DQIO 

63 

DQ15 

D 

DQl 

16 

A4 

28 

A7 

40 

CA5D 

52 

DQ28 

64 

DQ34 

5 

DQ19 

17 

A5 

29 

NC 

41 

CAS2 

53 

DQll 

65 

DQ16 

6 

DQ2 

18 

A6 

30 


42 

CASI 

54 

DQ29 

66 

NC 

B 

DQ20 

19 

NC 

31 

A8 

43 

CAST 

55 

DQ12 

67 

PDO 

8 

DQ3 

20 

DQ4 

32 

A9 

44 

RA5D 

56 

DQ30 

68 

PDl 

9 

DQ21 

21 

DQ22 

33 

RAS3 

45 

RA5T 

57 

DQ13 

69 

PD2 

10 


22 

DQ5 

34 

RAS2 

46 

NC 

58 

DQ31 

70 

PD3 

11 

NC 

23 

DQ23 

35 

DQ26 

47 

W 

59 

^31 

71 

NC 

12 

AO 

24 

DQ6 

36 

DQ8 

48 

_ 

NC 

60 

DQ32 

72 
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THM3620C0AS/ASG -70/80 


BLOCK DIAGRAM 


DQ0~17 
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THM3620C0AS/ASG -70/80 


ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 

ViN 

— 0.5~Vcc + 0.5 

V 

1 

Output Voltage 


— 0.5~Vcc + 0.5 

■■ 

1 

Power Supply Voltage 


— 0.5~7.0 

V 

1 

Operating Temperature 


0~70 

°c 

1 

Storage Temperature 


— 55-125 

°c 

1 

Soldering Temperature • Time 


260*10 

°C*sec 

1 

Power Dissipation 

Pd 

3.6 

W 

1 

Short Circuit Output Current 

lour 

50 

mA 

1 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

CHARACTERISTIC 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 


Supply Voltage 

4.5 

5.0 

5.5 

■■ 

2 

ViH 

Input High Voltage 

2.4 

- 

Vcc + 0.5 

V 

2 

Vn. 

Input Low Voltage 

-0.5 

- 

0.8 

V 

2 
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THM3620C0AS/ASG -70/80 


D.C. ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX 

UNIT 

NOTE 

^CCl 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: t^c^^RC MIN.) 

THMxxxxxx-70 

- 

304 

mA 

3,4 

5 

THMxxxxxx-80 

■ 

264 

I 

CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RaS=CAS=V jjj) 

■ 

8 

mA 


k:c3 

RS5 ONLY REFRESH CURRENT Average 

Power Supply Current, Only Mode 

(RAS Cycling, CAS=Vjfj: tjjc~^RC MIN.) 

THMxxxxxx-70 


304 

mA 

3,5 

THMxxxxxx-80 

■ 

264 

I 

CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS =ViL, CAS,Address Cycling:tpc=tpc MIN.) 

THMxxxxxx-70 


174 

mA 

3,4 

5 

THMxxxxxx-80 

■ 

154 

I 

CCS 

STANDBY CURRENT 

Power Supply Standby Current 
(RA5=CA5=Vcc-0.2V) 

■ 

D 

mA 


I 

CC6 

CM BEFORETJM REFRESH CURRENT 

THMxxxxxx-70 

- 

304 

mA 

3,5 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS, Cycling: t^c^^RC MIN.) 

THMxxxxxx-80 

" 

264 

I 

I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0 V<Vin< 6.5V, All Other Pins Not Under Test=0V) 

-40 

40 

pA 


0(L) 

OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, OV <Vout^5.5V) 

-20 

20 

pA 


VOH 

OUTPUT LEVEL 

Output “H” Level Voltage (Iout= -5mA) 

H 

a 

D 


VoL 

OUTPUT LEVEL 

Output “L” Level Voltage (IouT=4.2mA) 

D 

0.4 

B 

■ 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 


Please refer to the DRAM Module A.C. Conditions No. 20. Notes which are 
referenced in this section are also located in the A.C. Conditions. 


CAPACITANCE (Vcc = 5V ± 10%, f= IMHz, Ta= 0~70°C) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

CIl 

Input Capacitance (A0-A9) 

- 

25 

pF 

CI2 

Input Capacitance (W) 

- 

33 

pF 

CI3 

Input Capacitance (RAS0-RAS3) 

- 

12 

pF 

CI4 

Input Capacitance (CASO ~CAS3) 

- 

19 

pF 

CDQ 

I/O Capacitance (DQO~35) 

- 

19 

pF 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


C-71 




































































17.78±0.13 


THM3620C0AS/ASG -70/80 


OUTLINE DRAWINGS 

THM3620C0AS/ASG Unit : mm 


FRONTSIDE 2-03.18 + 0.05 



DETAIL OF CONTACTS •THM3620C0AS/ASG 



rN 


o Contacts : Tin-Lead / Gold 


C-72 
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rOSHIBA 


THM362060AS/ASG -60/70/80 


2,097,152 WORD X 36 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

The THM362060A is a 2,097,152 word by 36 bit dynamic RAM module which is assembled with 18 
TC514400ASJ devices on the printed circuit board. This module is optimized for applications which require 
high density and large capacity such as main memory, image memory systems, and others which require 
compact size. 

FEATURES 


• 2,097,152 word by 36 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% 

• Low power 

6,039mW MAX. Operating (THMxxxxxx-60) 

5,049mW MAX. Operating (THMxxxxxx-70) 

4,307mW MAX. Operating (THMxxxxxx-80) 

99mW MAX. Standby 

• CAS before KAS refresh, KAS only refresh, 

Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 

• 1,024 Refresh cycles/16ms 

• Package 

72 pin SIMM Tin-Lead Contact; THM362060AS-60,70,80 
72 pin SIMM Gold Contact: THM362060ASG-60,70,80 


KEY PARAMETERS 



-60 

-70 

-80 

tRj^c RAS Access Time 

60ns 

70ns 

80ns 

t^A Colunm Address 
Access Time 

30ns 

35ns 

40ns 

tcAc CAS Access Time 

20ns 

20ns 

20ns 

tRc Cycle Time 

115ns 

130ns 

150ns 

tpc Fast Page Mode 
Cycle Time 

45ns 

45ns 

50ns 


PIN NAMES 


A0~A9 

Address Inputs 

DQO~DQ35 

Data Input/Outputs 

CSSD,CSST 

Column Address Strobe 

KSSD,RSST 

Row Address Strobe 

W 

Read/Write Input 

DE 

Output Enable 

^cc 

Power (+5V) 

Vss 

Ground 

PD 

Presence Detect Pin 

NC 

No Connection 



-60 

-70 

-80 

PDO 

NC 

NC 

NC 

PDl 

NC 

NC 

NC 

PD2 

NC 

^ss 

NC 

PD3 

NC 

NC 

Vss 

PD4 

NC 

NC 

NC 
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THM362060AS/ASG -60/70/80 


I 


PIN CONNECTION (TOP VIEW) 



1 36 37 72 


1 

^ss 

13 

A1 

25 

DQ13 

37 

DQ19 

49 

DQ22 

61 

DQ33 

2 

DQO 

14 

A2 

26 

DQ14 

38 

DQ20 

50 

DQ23 

62 

DQ34 

3 

DQl 

15 

A3 

27 

DQ15 

39 

Vss 

51 

DQ24 

63 

DQ35 

m 

DQ2 

16 

A4 

28 

A7 

40 

CA5D 

52 

DQ25 

64 

NC 

5 

DQ3 

17 

A5 

29 

DQ16 

41 

NC 

53 

DQ26 

65 

NC 

6 

DQ4 

18 

A6 

30 

Vcc 

42 

NC 

54 

DQ27 

66 

NC 

B 

DQ5 

19 

DE 

31 

A8 

43 

CMT 

55 

DQ28 

67 

PDO 

8 

DQ6 

20 

DQ8 

32 

A9 

44 

ESSO 

56 

DQ29 

68 

PDl 

9 

DQ7 

21 

DQ9 

33 

NC 

45 

EAST 

57 

DQ30 

69 

PD2 

10 


22 

DQIO 

34 

NC 

46 

DQ21 

58 

DQ31 

70 

PD3 

11 

PD4 

23 

DQll 

35 

DQ17 

47 

W 

59 

^cc 

71 

NC 

12 

AO 

24 

DQ12 

36 

DQ18 

48 

Vss 

60 

DQ32 

72 
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THM362060AS/ASG -60/70/80 


BLOCK DIAGRAM 
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THM362060AS/ASG -60/70/80 


ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 


— 1.0-7.0 

V 

1 

Output Voltage 


—1.0~7.0 

V 

1 

Power Supply Voltage 


—1.0~7.0 

V 

1 

Operating Temperature 


0-70 

°C 

1 

Storage Temperature 


— 55-125 

°C 

1 

Soldering Temperature • Time 


260 MO 

°C»sec 

1 

Power Dissipation 

Pd 

12.6 

W 

1 

Short Circuit Output Current 

Iqut 

50 

mA 

1 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

CHARACTERISTIC 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

^cc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

ViH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

ViL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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THM362060AS/ASG -60/70/80 


D.C. ELECTRICAL CHARACTERISTICS (Vcc = S\± 10%, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX 

UNIT 

NOTE 

^CCl 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRc=*RC MIN.) 

THMxxxxxx-60 

- 

10231 

mA 

3,4 

5 

THMxxxxxx-70 

- 

918 

THMxxxxxx-80 

- 

783 

^CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V jjj) 

■ 

36 

mA 


ICC3 

RAS ONLY REFRESH CURRENT Average 

Power Supply Current, Only Mode 

(RAS Cycling, CAS=Vjj{: tj^c~^RC MIN.) 

THMxxxxxx-60 

- 

10231 

mA 

3,5 

THMxxxxxx-70 

- 

918 

THMxxxxxx-80 

- 

783 

*CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS =ViL, CAS.Address Cycling:tpc=tpc MIN.) 

THMxxxxxx-60 

- 

648 

mA 

3,4 

5 

THMxxxxxx-70 

- 

648 

THMxxxxxx-80 

- 

558 

I 

CCS 

STANDBY CURRENT 

Power Supply Standby Current 
(RA5=CS5=Vcc-0.2V) 

■ 

18 

mA 


*CC6 

CAS BEFORETJAS REFRESH CURRENT 

THMxxxxxx-60 

- 

I0S3 

mA 

3,5 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS, Cycling: tRc=tRC MIN.) 

THMxxxxxx-70 

- 

918 

THMxxxxxx-80 

- 

783 

HL) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0 V^Vin^ 6.5V, All Other Pins Not Under Test=0V) 

-180 

180 

pA 


'o(L) 

OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, OV <Vout^5.5V) 

-20 

20 

pA 


VOH 

OUTPUT LEVEL 

Output “H” Level Voltage (Iout= -5mA) 

H 

■ 

V 

n 

VoL 

OUTPUT LEVEL 

Output “L” Level Voltage (IouT=4.2mA) 

D 

0.4 

D 

■ 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 


Please refer to the DRAM Module A.C. Conditions No. 11. Notes which are 
referenced in this section are also located in the A.C. Conditions. 


CAPACITANCE (Vcc = 5V ± 10%, f= IMHz, Ta= 0~70°C) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

CIl 

Input Capacitance (A0~A9) 

- 

130 

pF 

CI2 

Input Capacitance (W, DE) 

- 

130 

pF 

CI3 

Input Capacitance (RASO, RASl) 

- 

70 

pF 

CI4 

Input Capacitance (CASO, CAST) 

- 

70 

pF 

CDQ 

I/O Capacitance (DQ0~35) 

_ 

35 

pF 
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THM362060AS/ASG -60/70/80 


OUTLINE DRAWINGS 
THM362060AS/ASG 


2-03.18 tO.05 



.23MIN 






















rOSHIBA 


THM364020S/SG -60/70 


4,194,304 WORD X 36 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

The THM364020 is a 4,194,304 word by 36 bit dynamic RAM module which is assembled with 8 
TC5117400J devices and 4 TC514100AJ devices on the printed circuit board. The THM364020S can be used 
as well as 16,777,216 word by 18 bit by means of connecting DQO and DQ18, DQl and DQ19, •DQ2 and 

DQ20,., DQ17 and DQ35, respectively. THM364020 is optimized for applications which require high density 

and large capacity such as main memory, image memory systems, and others which require compact size. 

FEATURES 

• 4,194,304 word by 36 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V+ 10% 

• Low power 

8,360mW MAX. Operating (THMxxxxxx-60) 

7,040mW MAX. Operating (THMxxxxxx-70) 

66mW MAX. Standby 

• CaS before RAS refresh, RAS only refresh. 

Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 

• 2,048 Refresh cycles/16ms (Burst Refresh) 

• 2,048 Refresh cycles/32ms (Distributed Refresh) 

• Package 

Tin-Lead Contact; THM364020S-60,70 
Gold Contact: THM364020SG-60,70 


KEY PARAMETERS 



-60 

-70 

tRAc RAS Access Time 

60ns 

70ns 

Iaa Column Address 

Access Time 

30ns 

35ns 

tcAc CaS Access Time 

15ns 

20ns 

tRc Cycle Time 

110ns 

130ns 

tpc Fast Page Mode 

Cycle Time 

40ns 

45ns 


PIN NAMES 


A0~A10 

Address Inputs 

DQ0~DQ35 

Data Input/Outputs 

CASD~CSS5 

Column Address Strobe 

RS5D,RS52 

Row Address Strobe 

W 

ReadAVrite Input 

^cc 

Power (+5V) 

Vss 

Ground 

PD 

Presence Detect Pin 



-60 

-70 

PDO 

Vss 

Vss 

PDl 

NC 

NC 

PD2 

NC 

Vss 

PD3 

NC 

NC 
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THM364020S/SG -60/70 


I 


PIN CONNECTION (TOP VIEW) 


1^0 o 

I Iiiiiiiiiiiiinniiniiiiiiiiiilirm ^ [rniiniiiiiiiininiiiiimiDiTm __ 

1 36 37 72 


1 

Vss 

13 

A1 

25 

DQ24 

37 

DQ17 

49 

DQ9 

61 

DQ14 

2 

DQO 

14 

A2 

26 

DQ7 

38 

DQ35 

50 

DQ27 

62 

DQ33 

3 

DQ18 

15 

A3 

27 

DQ25 

39 


51 

DQIO 

63 

DQ15 

D 

DQl 

16 

A4 

28 

A7 

40 

CSSD 

52 

DQ28 

64 

DQ34 

5 

DQ19 

17 

A5 

29 

NC 

41 

CAS2 

53 

DQll 

65 

DQ16 

6 

DQ2 

18 

A6 

30 

^cc 

42 

UKS3 

54 

DQ29 

66 

NC 

m 

DQ20 

19 

AlO 

31 

A8 

43 

CAST 

55 

DQ12 

67 

PDO 

8 

DQ3 

20 

DQ4 

32 

A9 

44 

RASD 

56 

DQ30 

68 

PDl 

9 

DQ21 

21 

DQ22 

33 

NC 

45 

NC 

57 

DQ13 

69 

PD2 

10 

Vcc 

22 

DQ5 

34 

RAS2 

46 

NC 

58 

DQ31 

70 

PD3 

11 

NC 

23 

DQ23 

35 

DQ26 

47 

W 

59 


71 

NC 

12 

AO 

24 

DQ6 

36 

DQ8 

48 

NC 

60 

DQ32 

72 

[[121 


C-80 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
















































































































































THM364020S/SG -60/70 


BLOCK DIAGRAM 



DQO 
DO 1 
DQ2 
DQ3 


DQ4 

DOS 

DQ6 

DQ7 


DQ8 


DO 9 
DQ 10 
DQ 11 
DQ 12 


DQ13 
DO 14 
DQ15 
DQ 16 

DQ 17 


DQ18 
DO 19 
DQ 20 
DQ21 


DO 22 
DQ 23 
DQ 24 
DQ25 


DQ 26 


DO 27 
DQ 28 
DO 29 
DQ 30 


DQ31 
DQ32 
DQ33 
DQ 34 


DQ 35 


CO *11 


MO-11 





























THM364020S/SG-60/70 


ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 

ViN 

— 1.0-7.0 

V 

1 

Output Voltage 


— 1.0-7.0 

V 

1 

Power Supply Voltage 


—1.0-7.0 

V 

1 

Operating Temperature 

Tqpr 

0-70 

°c 

1 

Storage Temperature 


— 55-125 

°c 

1 

Soldering Temperature • Time 


260 • 10 

°C»sec 

1 

Power Dissipation 

Pd 

8.4 

W 

1 

Short Circuit Output Current 

Iqut 

50 

mA 

1 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

CHARACTERISTIC 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

^CC 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

ViH 

Input High Voltage 

2.4 

- 

6.5 

■■ 

2 

ViL 

Input Low Voltage 

-1.0* 

- 

0.8 

V 

2 


*-2.0V at pulse width < 20 ns 


-r^OLJmA AiaCDI/^ A Cl 


































































THM364020S/SG -60/70 


D.C. ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX 

UNIT 

NOTE 

I 

CCl 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: t^c^^RC MIN.) 

THMxxxxxx-60 

- 

my 

mA 

B 

THMxxxxxx-70 


1280 

I 

CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V j j^) 

■ 

24 

mA 

B 

k:c3 

RS5 ONLY REFRESH CURRENT Average 

Power Supply Current, Only Mode 

(RAS Cycling, CAS=Vju; tRc~^RC MIN.) 

THMxxxxxx-60 


1520 

mA 

3 

THMxxxxxx-70 

■ 

1280 

I 

CC4 

EAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS =ViL, CAS,Address Cycling:tpc=tpc MIN.) 

THMxxxxxx-60 

- 

800 

mA 

B 

THMxxxxxx-70 

■ 

720 

I 

CCS 

STANDBY CURRENT 

Power Supply Standby Current 
(RS5=CA5=Vcc-0.2V) 

■ 

12 

mA 

B 

I 

CC6 

CAS BEFORETfAS REFRESH CURRENT 

THMxxxxxx-60 

■■ 

1520 

mA 

3 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS, Cycling: tRc=tRC MIN.) 

THMxxxxxx-70 

■ 

1280 

I 

I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0 V<Vin< 6.5V, All Other Pins Not Under Test=0V) 

-120 

120 

pA 


0(L) 

OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, OV <Voux^5.5V) 

-10 

10 

pA 

B 

VOH 

OUTPUT LEVEL 

Output “H” Level Voltage (Iout= -SmA) 

B 

B 

B 


VoL 

OUTPUT LEVEL 

Output “L” Level Voltage (IouT=4.2mA) 

■ 

0.4 

B 

B 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 


Please refer to the DRAM Module A.C. Conditions No. 15. Notes which are 
referenced in this section are also located in the A.C. Conditions. 


CAPACITANCE (Vcc = 5V ± 10%, f= IMHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

CIl 

Input Capacitance (A0~A10) 

- 

88 

pF 

CI2 

Input Capacitance (W) 

- 

84 

pF 

CI3 

Input Capacitance (RASO, RAS2) 

- 

42 

pF 

CI4 

Input Capacitance (CASO ~CAS3) 

- 

36 

pF 

CDQl 

I/O Capacitance (DQ0~7,9-16,18-25,27-34) 

- 

17 

pF 

CDQ2 

I/O Capacitance (DQ8,17,26,35) 

- 

22 

pF 
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THM364020S/SG -60/70 


OUTLINE DRAWINGS 

Unit in mm 


FRONT SIDE 2-03.18 ±0.05 



BACK SIDE 



C-84 
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2.54MIN. 































TOSHIBA 


THM3640A0S/SG -60/70 


4,194,304 WORD X 36 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

The THM3640A0 is a 4,194,304 word by 36 bit dynamic RAM module which is assembled with 9 
TC5116400J devices on the printed circuit board. This module is optimized for applications which require high 
density and large capacity such as main memory, image memory systems, and others which require compact 
size. 

FEATURES 


• 4,194,304 word by 36 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% 

• Low power 

4,455mW MAX. Operating (THMxxxxxx-60) 
3,960mW MAX. Operating (THMxxxxxx-70) 
49.5 mW MAX. Standby 

• CAS before KAS refresh, RAS only refresh, 

Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 

• 4,096 Refresh cycles/64ms 

• Package 

72pin SIMM Tin-Lead Contact; THM3640A0S-60,70 
72pin SIMM Gold Contact: THM3640A0SG-60,70 


KEY PARAMETERS 



-60 

-70 

tRAc Access Time 

60ns 

70ns 

tAA Column Address 

Access Time 

30ns 

35ns 

tcAc CAS Access Time 

15ns 

20ns 

Irc Cycle Time 

110ns 

130ns 

tpc Fast Page Mode 

Cycle Time 

40ns 

45ns 


PIN NAMES 


A0~A9 

A10R,A11R 

Address Inputs 

DQ0-DQ35 

Data Input/Outputs 

CAS 

Column Address Strobe 


Row Address Strobe 

W 

Read/Write Input 

DE 

Output Enable 

^cc 

Power (-I-5V) 

Vss 

Ground 

NC 

No Connection 

PD 

Presence Detect Pin 



-60 

-70 

PDO 

^ss 


PDl 

NC 

NC 

PD2 

NC 


PD3 

NC 

NC 

PD4 




* Through the resistor (2.6KX2) to GND. 







































THM3640A0S/SG -60/70 


PIN CONNECTION (TOP VIEW) 



1 36 37 72 


1 


13 

A1 

25 

DQ13 

37 

DQ19 

49 

DQ22 

61 

DQ33 

2 

DQO 

14 

A2 

26 

DQ14 

38 

DQ20 

50 

DQ23 

62 

DQ34 

3 

DQl 

15 

A3 

27 

DQ15 

39 

^ss 

51 

DQ24 

63 

DQ35 

n 

DQ2 

16 

A4 

28 

A7 

40 

CAS0 

52 

DQ25 

64 

NC 

5 

DQ3 

17 

A5 

29 

DQ16 

41 

AlOR 

53 

DQ26 

65 

NC 

6 

DQ4 

18 

A6 

30 

^cc 

42 

AllR 

54 

DQ27 

66 

NC 

IB 

DQ5 

19 

DE 

31 

A8 

43 

NC 

55 

DQ28 

67 

PDO 

8 

DQ6 

20 

DQ8 

32 

A9 

44 

RS5 

56 

DQ29 

68 

PDl 

9 

DQ7 

21 

DQ9 

33 

NC 

45 

NC 

57 

DQ30 

69 

PD2 

10 

^cc 

22 

DQIO 

34 

NC 

46 

DQ21 

58 

DQ31 

70 

PD3 

11 

PD4 

23 

DQll 

35 

DQ17 

47 

W 

59 

Vcc 

71 

NC 

12 

AO 

24 

DQ12 

36 

DQ18 

48 

Vss 

60 

DQ32 

72 

Vss 


n-Oft 
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THM3640A0S/SG -60/70 


BLOCK DIAGRAM 
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THM3640A0S/SG -60/70 


ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 


— 1.0-7.0 

■■ 

1 

Output Voltage 


— 1.0-7.0 

V 

1 

Power Supply Voltage 

11^91 

— 1.0-7.0 

V 

1 

Operating Temperature 


0-70 

°c 

1 

Storage Temperature 

muQnm 

— 55-125 

°c 

1 

Soldering Temperature • Time 


260*10 

°C»sec 

1 

Power Dissipation 

Pd 

6.3 

W 

1 

Short Circuit Output Current 

Iqut 

50 

mA 

1 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

CHARACTERISTIC 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

ViH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

■■ 

Input Low Voltage 

-1.0* 

- 

0.8 

V 

2 
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D.C. ELECTRICAL CHARACTERISTICS (Vcc = 5 \± 10%, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX 

UNIT 

NOTE 

’cci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRc=tRc MIN ) 

THMxxxxxx-60 

- 

810 

mA 

3, 4,5 

THMxxxxxx-70 


720 

^CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V jjj) 

■ 

18 

mA 


k:c3 

RS5 ONLY REFRESH CURRENT Average 

Power Supply Current, rxS Mode 

(RAS Cycling, CAS=Vjfj: tR(;;=tRf; MIN.) 

THMxxxxxx-60 

- 

810 

mA 

3,5 

THMxxxxxx-70 

■ 

720 

^CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS =ViL, CAS,Address Cycling :tpc=tpc MIN.) 

THMxxxxxx-60 

- 

630 

mA 

B 

THMxxxxxx-70 

■ 

540 

^CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(lCC?=CA5=Vcc-0.2V) 

■ 

9 

mA 


*CC6 

CSS BEFORETJSS REFRESH CURRENT 

THMxxxxxx-60 

- 

810 

mA 

3,5 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS, Cycling: tRc=tRc MIN.) 

THMxxxxxx-70 

** 

720 

Vl) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V<Vin< 6.5V, All Other Pins Not Under Test=0V) 

-90 

90 

pA 


^O(L) 

OUTPUT LEAKAGE CURRENT 
(Dour is disflblcd, OV ^Vquj^5.5V) 

-10 

10 

pA 


VOH 

OUTPUT LEVEL 

Output “H” Level Voltage (Iout= -5mA) 

m 

n 

a 



OUTPUT LEVEL 

Output “L” Level Voltage (IouT=4.2mA) 

■ 

0.4 

■ 

■ 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A. C. 
OPERATING CONDITIONS 


Please refer to the DRAM Module A.C Conditions No. 13. Notes which are 
referenced in this section are also located in the A.C. Conditions. 


CAPACITANCE (Vcc = 5V ± 10%, f= IMHz, Ta=: 0~70°C) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

CIl 

Input Capacitance (A0~A9, AlOR, AllR) 

- 

65 

pF 

CI2 

Input Capacitance (W, DE) 

- 

60 

pF 

CI3 

Input Capacitance (RAS) 

- 

55 

pF 

CI4 

Input Capacitance (CAS) 

- 

55 

pF 

CDQ 

I/O Capacitance (D(30~35) 

- 

15 

pF 


rnSHIRA AMPRirA PI PITTROMir rriMDnMPMTR IMr 


n-aa 
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OUTLINE DRAWINGS 

THM3640A0S/SG 


Unit : mm 


2-03.18 ±0.05 
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8,388,608 WORD X 36 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

The THM368020 is a 8,388,608 word by 36 bit dynamic RAM module which is assembled with 16 
TC5117400J devices and 8 TC514100ASJ devices on the printed circuit board. The THM368020 can be used 
as well as 16,777,216 word by 18 bit by means of connecting DQO and DQ18, DQl and DQ19, DQ2 and 

DQ20,., DQ17 and DQ35, respectively. THM368020 is optimized for applications which require high density 

and large capacity such as main memory, image memory systems, and others which require compact size. 

FEATURES 

• 8,388,608 word by 36 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% 

• Low power 

8,492mW MAX. Operating (THMxxxxxx-60) 

7,172mW MAX. Operating (THMxxxxxx-70) 

132mW MAX. Standby 

• C7CS before RAS refresh, ITAS only refresh. 

Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 

• 2,048 Refresh cycles/16ms (Burst Refresh) 

• 2,048 Refresh cycles/32ms (Distributed Refresh) 

• Package 

Tin-Lead Contact; THM368020S-60,70 
Gold Contact: THM368020SG-60,70 


KEY PARAMETERS 



-60 

-70 

RAS Access Time 

60ns 

70ns 

t^ Column Address 

Access Time 

30ns 

35ns 

tcAc CAS Access Time 

15ns 

20ns 

tRc Cycle Time 

110ns 

130ns 

tpc Fast Page Mode 

Cycle Time 

40ns 

45ns 


PIN NAMES 


A0~A10 

Address Inputs 

DQ0~DQ35 

Data Input/Outputs 

CASD~CAS3 

Column Address Strobe 

RaSO~RAS3 

Row Address Strobe 

W 

Read/Write Input 

^cc 

Power (-I-5V) 

Vss 

Ground 

PD 

Presence Detect Pin 



-60 

-70 

PDO 

NC 

NC 

PDl 

Vss 

Vss 

PD2 

NC 

Vss 

PD3 

NC 

NC 
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THM368020S/SG -60/70 


PIN CONNECTION (TOP VIEW) 



1 36 37 72 


1 

Vss 

13 

A1 

25 

DQ24 

37 

DQ17 

49 

DQ9 

61 

DQ14 

2 

DQO 

14 

A2 

26 

DQ7 

38 

DQ35 

50 

DQ27 

62 

DQ33 

3 

DQ18 

15 

A3 

27 

DQ25 

39 


51 

DQIO 

63 

DQ15 

ID 

DQl 

16 

A4 

28 

A7 

40 

CASH 

52 

DQ28 

64 

DQ34 

5 

DQ19 

17 

A5 

29 

NC 

41 

C7[152 

53 

DQll 

65 

DQ16 

6 

DQ2 

18 

A6 

30 


42 

CA53 

54 

DQ29 

66 

NC 

B 

DQ20 

19 

AlO 

31 

A8 

43 

CAST 

55 

DQ12 

67 

PDO 

8 

DQ3 

20 

DQ4 

32 

A9 

44 

RS5D 

56 

DQ30 

68 

PDl 

9 

DQ21 

21 

DQ22 

33 

RS53 

45 

KS51 

57 

DQ13 

69 

PD2 

10 

Vcc 

22 

DQ5 

34 

RAS2 

46 

NC 

58 

DQ31 

70 

PD3 

11 

NC 

23 

DQ23 

35 

DQ26 

47 

W 

59 

1^19 

71 

NC 

12 

AO 

24 

DQ6 

36 

DQ8 

48 

NC 

60 

DQ32 

72 
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BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 


— 1.0-7.0 

bb 

1 

Output Voltage 


—1.0~7.0 

V 

1 

Power Supply Voltage 


—1.0-7.0 

V 

1 

Operating Temperature 


0-70 

°c 

1 

Storage Temperature 


-55-125 

°c 

1 

Soldering Temperature • Time 


260 • 10 

°C»sec 

1 

Power Dissipation 

Pd 

14.4 

W 

1 

Short Circuit Output Current 

Iqut 

50 

mA 

1 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

CHARACTERISnC 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V,H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V,L 

Input Low Voltage 

-1.0* 

- 

0.8 

V 

2 


♦-2.0V at pulse width S 20 ns 
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D.C. ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX 

UNIT 

NOTE 

I 

CCl 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRC^^RC MIN.) 

THMxxxxxx-60 

- 

1544 

mA 

D 

THMxxxxxx-70 


1304 

I 

CC2 

STANDBY CURRENT 

Power Supply Standby Cuirent 
(RAS=CAS=V jjj) 

■ 

48 

ntiA 


ICC3 

RA5 ONLY REFRESH CURRENT Average 

Power Supply Current, Only Mode 

(RAS Cycling, CAS=Vjjj: tRc=tRf; MIN.) 

THMxxxxxx-60 


1544 

mA 

3 

THMxxxxxx-70 

■ 

1304 

I 

CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS =VjL, CAS,Address Cycling:tpc=tpc MIN.) 

THMxxxxxx-60 


824 

mA 

D 

THMxxxxxx-70 

■ 

744 

I 

CCS 

STANDBY CURRENT 

Power Supply Standby Current 
(RS5=CA5=Vcc-0.2V) 

■ 

24 

mA 


I 

CC6 

CAS BEFOREIJAS REFRESH CURRENT 

THMxxxxxx-60 

- 

1544 

mA 

3 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS, Cycling: tRc=tRC MIN.) 

THMxxxxxx-70 


1304 

I 

I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0 V<Vin^ 6.5V, All Other Pins Not Under Test=0V) 

-240 

240 

pA 


^O(L) 

OUTPUT LEAKAGE CURRENT 
(Dour is disabled, OV <Vout^5.5V) 

-20 

20 

pA 


VOH 

OUTPUT LEVEL 

Output “H” Level Voltage (Iqut^ -5niA) 

D 

a 

D 

■ 

VoL 

OUTPUT LEVEL 

Output “L” Level Voltage (IouT=4.2niA) 

D 

0.4 

■ 

■ 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 


Please refer to the DRAM Module A.C. Conditions No. 15. Notes which are 
referenced in this section are also located in the A.C. Conditions 


CAPACITANCE (Vcc = 5V ± 10%, f= IMHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

CIl 

Input Capacitance (A0~A10) 

- 

88 

pF 

CI2 

Input Capacitance (W) 

- 

84 

pF 

CI3 

Input Capacitance (RAS0~RAS3) 

- 

42 

pF 

CI4 

Input Capacitance (CASO ~CAS3) 

- 

36 

pF 

CDQl 

I/O Capacitance (DQ0~7, 9~16, 18-25, 27-34) 

- 

17 

pF 

CDQ2 

I/O Capacitance (DQ8,17, 26,35) 

- 

22 

pF 
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OUTLINE DRAWINGS 

Unit in mm 


FRONT SIDE 

2-03.1810.05 




BACK SIDE 




n 

o 

o 

o 


o 


o 

o 


o o 

o 

o 



• THM368020S 




0.9 i 0.08 



Contacts: Tin - Lead 





' Z‘ 

1 

lA 


• THM368020SQ 



2.54MIN. 
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THM3680A0S/SG -60/70 


8,388,608 WORD X 36 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

The THM3680A0 is a 8,388,608 word by 36 bit dynamic RAM module which is assembled with 18 
TC5116400J devices on the printed circuit board. This module is optimized for applications which require high 
density and large capacity such as main memory, image memory systems, and others which require compact 
size. 

FEATURES 


• 8,388,608 word by 36 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% 

• Low power 

4,555mW MAX. Operating (THMxxxxxx-60) 
4,059mW MAX. Operating (THMxxxxxx-70) 

99mW MAX. Standby 

• CAS before RTfS refresh, RAS only refresh. 

Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 

• 4,096 Refresh cycles/64ms 

• Package 

72pin SIMM Tin-Lead Contact: THM3680A0S-60,70 
72pin SIMM Gold Contact; THM3680A0SG-60,70 


KEY PARAMETERS 



-60 

-70 

tj^c RAS Access Time 

60ns 

70ns 

f AA Column Address 

Access Time 

30ns 

35ns 

tcAc CAS Access Time 

15ns 

20ns 

tRc Cycle Time 

110ns 

130ns 

tpc Fast Page Mode 

Cycle Time 

40ns 

45ns 


PIN NAMES 


A0~A9 

A10R,A11R 

Address Inputs 

DQO~DQ35 

Data Input/Outputs 

CAS0,CAS1 

Column Address Strobe 

RAi50,RA5T 

Row Address Strobe 

W 

Read/Write Input 

DE 

Output Enable 

^cc 

Power (+5V) 

Vss 

Ground 

NC 

No Connection 

PD 

Presence Detect Pin 



-60 

-70 

PDO 

NC 

NC 

PDl 

Vss 

Vss 

PD2 

NC 

Vss 

PD3 

NC 

NC 

PD4 

Voo* 

'^SS 

Vss 


* Through the resistor (2.6Kn) to GND. 
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PIN CONNECTION (TOP VIEW) 



1 36 37 72 


1 


13 

A1 

25 

DQ13 

37 

DQ19 

49 

DQ22 

61 

DQ33 

2 

DQO 

14 

A2 

26 

DQ14 

38 

DQ20 

50 

DQ23 

62 

DQ34 

3 

DQl 

15 

A3 

27 

DQ15 

39 

Vss 

51 

DQ24 

63 

DQ35 

IB 

DQ2 

16 

A4 

28 

A7 

40 

CA5D 

52 

DQ25 

64 

NC 

5 

DQ3 

17 

A5 

29 

DQ16 

41 

AlOR 

53 

DQ26 

65 

NC 

6 

DQ4 

18 

A6 

30 

^cc 

42 

Aim 

54 

DQ27 

66 

NC 

IB 

DQ5 

19 

DE 

31 

A8 

43 

CAST 

55 

DQ28 

67 

PDO 

8 

DQ6 

20 

DQ8 

32 

A9 

44 

RSSD 

56 

DQ29 

68 

PDl 

9 

DQ7 

21 

DQ9 

33 

NC 

45 

EAST 

57 

DQ30 

69 

PD2 

10 


22 

DQIO 

34 

NC 

46 

DQ21 

58 

DQ31 

70 

PD3 

11 

PD4 

23 

DQll 

35 

DQ17 

47 

W 

59 


71 

NC 

12 

AO 

24 

DQ12 

36 

DQ18 

48 


60 

DQ32 

72 

Vss 
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BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 

■■ 

— 1.0-7.0 

V 

1 

Output Voltage 

VoUT 

—1.0~7.0 

V 

1 

Power Supply Voltage 

^CC 

—1.0~7.0 

V 

1 

Operating Temperature 

■Bi 

0-70 

®C 

1 

Storage Temperature 


— 55-125 

°c 

1 

Soldering Temperature • Time 


260*10 

°C»sec 

1 

Power Dissipation 

Pd 

12.6 

W 

1 

Short Circuit Output Current 

Iqut 

50 

mA 

1 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

CHARACTERISTIC 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

ViH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

ViL 

Input Low Voltage 

-1.0* 

- 

0.8 

V 

2 


r*..inn 
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D.C. ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX 

UNIT 

NOTE 

^CCl 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRc=*RC MIN.) 

THMxxxxxx-60 

- 

mmm 

mA 

3,4 

5 

THMxxxxxx-70 

■ 

738 

*CC2 

STANDBY CURRENT 

Power Supply Standby Current 
{RAS=CAS=V jfj) 

■ 

36 

mA 


k:c3 

RS5 ONLY REFRESH CURRENT Average 

Power Supply Current, Only Mode 

(RAS Cycling, CAS=Vjjj: tRc=tR(;; MIN.) 

THMxxxxxx-60 


828 

mA 

3,5 

THMxxxxxx-70 

■ 

738 

^CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS =Vil, C as. Address Cycling:tpc=tpc MIN.) 

THMxxxxxx-60 


648 

mA 

3,4 

5 

THMxxxxxx-70 


558 

^CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RA5=CS5=Vcc-0.2V) 

■ 

18 

mA 


^CC6 

CSS BEFORET^SS REFRESH CURRENT 

THMxxxxxx-60 

■■ 

828 

mA 

3,5 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS, Cycling: tRc=:tRc MIN.) 

THMxxxxxx-70 

■ 

738 

Vl) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0 V<Vin^ 6.5V, All Other Pins Not Under Test=0V) 

-180 

180 

pA 


*0(L) 

OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, OV <Vout^5.5V) 

-20 

20 

pA 


VOH 

OUTPUT LEVEL 

Output “H” Level Voltage (Iout= -5niA) 

B 

B 

B 


VoL 

OUTPUT LEVEL 

Output “L” Level Voltage (IouT=4.2mA) 

■ 

0.4 

B 

■ 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 


Please refer to the DRAM Module A.C. Conditions No. 13. Notes which are 
referenced in this section are also located in the A.C. Conditions. 


CAPACITANCE (Vcc = 5V ± 10%, f= IMHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

CIl 

Input Capacitance (A0~A9, AlOR, AllR) 

- 

161 

pF 

CI2 

Input Capacitance (W, DE) 

- 

168 

pF 

CI3 

Input Capacitance (RASO , RASl) 

- 

42 

pF 

CI4 

Input Capacitance (Caso , CASI) 

- 

42 

pF 

CDQ 

I/O Capacitance (D(30~35) 

- 

29 

pF 
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DRAM Module AC. Conditions No.4 
lMx4/lMxl-Based Modules 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (Vcc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 


PARAMETER 


Random Read or Write Cycle Time 


Fast Page Mode Cycle Time 


Access Time from RAS 


Access Time from CAS 


Access Time from Column Address 


Access Time from CAS Precharge 


CAS to Output in Low-Z 


Output Buffer Turn-off Delay 


Transition Time (Rise and Fall) 


RAS Presharge Time 


RS5 Pulse Width 


RAS Pulse Width (Fast Page Mode) 


RAS Hold Time 


RAS Hold Time From CAS 
Precharge (Fast Page Mode) 


CAS Hold Time 


CAS Pulse Width 


RAS to CAS Delay Time 


RAS to Column Address Delay Time 


CAS to RaS Precharge Time 


CaS Precharge Time 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Column Address Hold Time 
referenced to RAS 


Column Address To RAS Lead Time 


Read Command Set-Up Time 


Read Command Hold Time 


Read Command Hold Time refer¬ 
enced to RAS 


Write Command Hold Time 


Write Command Hold Time refer¬ 
enced to RAS 


THMxxxxxx-60 THMxxxxxx-70 THMxxxxxx-80 













































































































































































































































DRAM Module A.C. Conditions No.4 || 

lMx4/lMxl-Based Modules 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (CONT) 


SYMBOL 

PARAMETER 

THMxxxxxx-60 

THMxxxxxx-70 

THMxxxxxx-80 

UNIT 

NOTE 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

twp 

Write Command Pulse Width 

10 

- 

15 

- 

15 

- 

ns 


tRWL 

Write Command to RAS Lead Time 

20 

- 

20 

- 

20 

- 

ns 


tcWL 

Write Command to CAS Lead Time 

20 

- 

20 

- 

20 

- 

ns 


^DS 

Data Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 

12 

^DH 

Data Hold Time 

15 

- 

15 

- 

15 

- 

ns 

12 

^DHR 

Data Hold Time referenced to RAS 

50 

- 

55 

- 

60 

- 

ns 

- 

*REF 

Refresh Period 

- 

16 

- 

16 

- 

16 

ms 


twcs 

Write Command Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 

13 

tcSR 

CAS Set-Up Time 
(CAS before RAS Cycle) 

5 

a 

5 

a 

5 

a 

ns 


k:HR 

CAS Hold Time 
(CAS before RAS Cycle) 

15 

a 

15 

a 

15 

a 

ns 

■1 

^RPC 

RaS to CAS Precharge Time 

5 

- 

5 

- 

5 

- 

ns 


k:PT 

CaS Precharge Time 

(CAS before RAS Counter Test 

Cycle) 

30 

■ 

40 

■ 

40 

■ 

ns 

■ 

twRP 

WRITE to RAS Precharge Time 
(CAS before RAS Cycle) 

10 

D 

10 

a 

10 

a 

ns 


^WRH 

Write to RAS Hold Time 
(CAS before RAS Cycle 

10 

D 

10 

a 

10 

■ 

ns 

■ 


n_o 
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DRAM Module AC. Conditions No.4 
lMx4/lMxl-Based Modules 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to 
the device. 

2. All voltages are referenced to Vss- 

3. Icci> k:c 3 ’ Icc 4 » ^C6 depend on cycle rate. 

4. Icc 4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while Ras=Vjl. In case of Icc 4 , it can be changed once or less 
during a fast page mode cycle (tp(^). 

6. An initial pause of 200ps is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before Ras refresh cycles instead of 8 Ras only refresh cycles are required. 

7. AC measurements assume t-i=5ns. 

8. ViH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between Vuj and Vjl. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. topp (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

11. Either t^cH or ^rrh *riust be satisfied for a read cycle. 

12. t^vcs rs not a restictive operating parameter. It is included in the data sheet as electrical characteristic 
only. If t^cs (min.), the cycle is an early write cycle and the data output will remain open circuit 
(high impedance) through the entire cycle. 

13. Operation within the tRco (max.) limit insures that tj^c can be met. tpcD (max.) is specified as a 
reference point only; If t^co is greater than the specified tRc^ (max.) limit, then access time is controlled 
by tcAC- 

14. Operation within the t^y^ (max.) limit insures that tj^c (max.) can be met. tR^o (max.) is specified as 
a reference point only: If tRy^^ is greater than the specified tR^o (max.) limit, then access time is 
controlled by t^A- 
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DRAM Module AC. Conditions No.4 
lMx4/lMxl-Based Modules 















DRAM Module AC. Conditions No.4 
lMx4/lMxl-Based Modules 



FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 























DRAM Module A.C. Conditions No.4 
lMx4/lMxl-Based Modules 



Not«: WRITE* 'H* or “L* 


'■'L 


CSS BEFORE RS5 REFRESH CYCLE 











DRAM Module AC. Conditions No.4 
lMx4/lMxl-Based Modules 



HIDDEN REFRESH CYCLE (WRITE) 




















DRAM Module A.C. Conditions No.4 
lMx4/lMxl-Based Modules 
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rOSHIBA 


DRAM Module AC. Conditions No.8 
lMx4-Based Modules 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (Vcc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 


THMxxxxxx-60 THMxxxxxx-70 THMxxxxxx-80 


MIN MAX MIN MAX 


SYMBOL 

PARAMETER 

^RC 

Random Read or Write Cycle Time 

tpc 

Fast Page Mode Cycle Time 

tRAC 

Access Time from Ras 

k:Ac 

Access Time from CAS 

^AA 

Access Time from Column Address 

^PA 

Access Time from CAS Precharge 

k:LZ 

CAS to Output in Low-Z 

k)FF 

Output Buffer Turn-off Delay 

tj 

Transition Time (Rise and Fall) 

tRP 

RAS Presharge Time 

tRAS 

Ras Pulse Width 

tRASP 

RAS Pulse Width (Fast Page Mode) 

tRSH 

RAS Hold Time 

^RHCP 

RAS Hold Time From CAS 

Precharge (Fast Page Mode) 

tcSH 

CAS Hold Time 

tcAS 

CAS Pulse Width 

Ircd 

RAS to CAS Delay Time 

tRAD 

RAS to Column Address Delay Time 

tcRP 

CAS to RAS Precharge Time 

k:p 

CAS Precharge Time 

USR 

Row Address Set-Up Time 

tRAH 

Row Address Hold Time 

^ASC 

Column Address Set-Up Time 

tcAH 

Column Address Hold Time 

^RAL 

Column Address To RAS Lead Time 

tRCS 

Read Command Set-Up Time 

tRCH 

Read Command Hold Time 

^RRH 

Read Command Hold Time refer¬ 
enced to Ras 

twCH 

Write Command Hold Time 
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DRAM Module A.C. Conditions No.8 || 

lMx4-Based Modules 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (CONT) 


SYMBOL 

PARAMETER 

THMxxxxxx-60 

THMxxxxxx-70 

THMxxxxxx-80 

UNIT 

NOTE 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 


Write Command Pulse Width 

10 

- 

15 

- 

15 

- 

ns 


^RWL 

Write Command to RAS Lead Time 

20 

- 

20 

- 

20 

- 

ns 


k:wL 

Write Command to CAS Lead Time 

20 

- 

20 

- 

20 

- ' 

ns 


^DS 

Data Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


^DH 

Data Hold Time 

15 

- 

15 

- 

15 

- 

ns 


^REF 

Refresh Period 

- 

16 

- 

16 

- 

16 

ms 


Wes 

Write Command Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 

12 

teSR 

CAS Set-Up Time 
(CAS before RAS Cycle) 

5 

a 

5 

■ 

5 

■ 

ns 


k:HR 

CAS Hold Time 
(CAS before RAS Cycle) 

15 

a 

15 

a 

15 

a 

ns 

■ 

tRPC 

RAS to CAS Precharge Time 

0 

- 

0 

- 

0 

- 

ns 


tcPT 

CAS Precharge Time 

(CAS before RAS Counter Test 

Cycle) 

30 

■ 

40 

■ 

40 

■ 

ns 

■ 

twTS 

Write Conunand Set-Up Time 
(Test Mode In) 

10 

a 

10 

■ 

10 

■ 

ns 

■ 

twTH 

Write Command Hold Time 
(Test Mode In) 

10 

a 

10 

■ 

10 

a 

ns 

■ 

%RP 

WKI I E to RAS Precharge Time 
(CAS before RAS Cycle) 

10 

■ 

10 

■ 

10 

a 

ns 

■ 

^WRH 

Write to RAS Hold Time 
(CAS before RAS Cycle 

10 

■ 

10 

■ 

10 

■ 

ns 

■ 
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DRAM Module AC. Conditions No.8 
lMx4-Based Modules 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS IN THE TEST MODE (Vcc = 5V ± 10%,Ta = 
0~70°C) (Notes 6,7,8) 


SYMBOL 

PARAMETER 

THMxxxxxx-60 

THMxxxxxx-70 

THMxxxxxx-80 

UNIT 

NOTE 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

^RC 

Random Read or Write Cycle Time 

115 

- 

135 

- 

155 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

50 

- 

50 

- 

55 

- 

ns 


^RAC 

Access Time from RAS 

■ 

65 

■ 

75 

■ 

85 

ns 

9,13, 

14 

tcAC 

Access Time from CAS 

- 

25 

- 

25 

- 

25 

ns 

9,13 

^AA 

Access Time from Column Address 

- 

35 

- 

40 

- 

45 

ns 

9,14 

^CPA 

Access Time from CAS Precharge 

- 

45 

- 

45 

- 

50 

ns 

9 

^RAS 

RS5 Pulse Width 

65 

10,000 

75 

10,000 

85 

10,000 

ns 


tRASP 

RAS Pulse Width (Fast Page Mode) 

65 

200,000 

75 

200,000 

85 

200,000 

ns 


tRSH 

RAS Hold Time 

25 

- 

25 

- 

25 

- 

ns 


tcSH 

CAS Hold Time 

65 

- 

75 

- 

85 

- 

ns 


tRHCP 

CAS Precharge to RAS Hold Time 

45 

- 

45 

- 

50 

- 

ns 


tcAS 

CAS Pulse Width 

25 

10,000 

25 

10,000 

25 

10,000 

ns 


^RAL 

Column Address to RAS Lead 

Time 

35 

■ 

40 


45 

“ 

ns 

■! 
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DRAM Module A.C. Conditions No.8 
lMx4-Based Modules 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to 
the device. 

2. All voltages are referenced to Vss- 

3- Icci.Icc 3 «Icc 4 .Icc 6 depend on cycle rate. 

Icci» k:c 4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=Vil. In case of Icc 4 . it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 200ps is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tT=5ns. 

8. VjH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between Vjh and Vjl. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (niax.) and toEz (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

11. Either tR^H ^rrh be satisfied for a read cycle. 

12. twcs* tRWD, tcwD. UwD ^cpwo ^"6 not restictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If t^cs >twcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If tRWD>lRWD (min.), 
tcwD>k:wD (min.), t^wD^^AWo (min.) and tcpwp>tcpwDD (min.), (Fast Page Mode), the cycle is a Read- 
Modify-Wiite cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

13. Operation within the tRcu (max.) limit insures that tR^c can be met. tR^p (max.) is specified as a 
reference point only; If tR^o is greater than the specified tR^o (max.) limit, then access time is controlled 
by icAC- 

14. Operation within the tR^o (max.) limit insures that tR^c (max.) can be met. tR^o (max.) is specified as 
a reference point only: If tR^^ is greater than the specified tR^jj (ma.x.) limit, then access time is 
controlled by t^A- 
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DRAM Module A.C. Conditions No.8 
lMx4-Based Modules 












DRAM Module A.C. Conditions No.8 
lMx4-Based Modules 




‘H’ or "L’ 
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DRAM Module AC. Conditions No.8 
lMx4-Based Modules 











DRAM Module A.C. Conditions No.8 
lMx4-Based Modules 








DRAM Module AC. Conditions No.8 
lMx4-Based Modules 


HIDDEN REFRESH CYCLE (WRITE) 

L-la£-J 







DRAM Module AC. Conditions No.8 
lMx4-Based Modules 
















DRAM Module A.C. Conditions No.8 
lMx4-Based Modules 


READ CYCLE IN THE TEST MODE 



WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 


■ 









DRAM Module A.C. Conditions No.8 
lMx4-Based Modules 














DRAM Module A.C. Conditions No.8 
lMx4-Based Modules 


TEST MODE 

The TC514400AJ is the RAM organized 1,048,576 words by 4 bits, it is internally organized 524,288 
words by 8 bits. In ‘Test Mode”, data are written into 8 sectors in parallel and retrieved the same way. Aqc is 
not used. If, upon reading, two bits on one I/O pin are equal (all “l”s or “0”s), the I/O pin indicates a“l”. 

If they were not equal, the I/O pin would indicate a “0”. Fig. 1 shows the block diagram of TC5144(X)AJ. 
In “Test Mode”, the 1MX4 DRAM can be tested as if it were a 512K X 4 DRAM. 

“WRITE, CAS Before RAS Refresh Cycle puts the device into “Test Mode”. And “CAS Before RAS 
Refresh Cycle” or RAS Only Refresh Cycle” puts it back into “Normal Mode”. In the Test Mode, “WRITE, 
CAS Before RAS Refresh Cycle” performs the refresh operation with internal refresh address counter. The 
“Test Mode” function reduces test times (1/2 in case of N test pattern). 

BLOCK DIAGRAM IN THE TEST MODE 



Figure 1 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


D-21 






rOSHIBA- 

DRAM Modiile AC. Conditions No.ll 
lMx4-Based Module, with Output Enable 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 

OPERATING CONDITIONS (Vcc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 


SYMBOL 

PARAMETER 

THMxxxxxx-60 

MIN 

MAX 

tRC 

Random Read or Write Cycle Time 

no 

- 

^RMW 

Read-Modify-Write Cycle 

165 

- 

tpc 

Fast Page Mode Cycle Time 

45 

- 

tpRMW 

Fast Page Mode Read-Modify-Write 
Cycle Time 

100 

" 

Irac 

Access Time from RAS 


60 

tcAC 

Access Time from CAS 

- 

20 

Iaa 

Access Time from Column Address 

- 

30 

k:PA 

Access Time from CAS Precharge 

- 

40 

IcLZ 

CAS to Output in Low-Z 

0 

- 

IqFF 

Output Buffer Turn-off Delay 

0 

20 

tj 

Transition Time (Rise and Fall) 

3 

50 

Irp 

RAS Presharge Time 

40 

- 

Iras 

RAS Pulse Width 

60 

10,000 

^RASP 

RAS Pulse Width (Fast Page Mode) 

60 

200,000 

tRSH 

RAS Hold Time 

20 

- 

^RHCP 

RAS Hold Time From CAS 

Precharge (Fast Page Mode) 

40 

■ 

ICSH 

CAS Hold Time 

60 

- 

k:AS 

CAS Pulse Width 

20 

10,000 

IrCD 

RAS to CAS Delay Time 

20 

40 

Irad 

RAS to Column Address Delay Time 

15 

30 

k:RP 

CAS to RAS Precharge Time 

5 


tcp 

CAS Precharge Time 

10 

- 

UsR 

Row Address Set-Up Time 

0 

- 

tRAH 

Row Address Hold Time 

10 

- 

IaSC 

Column Address Set-Up Time 

0 

- 

tCAH 

Column Address Hold Time 

15 

- 

tRAL 

Column Address To RAS Lead Time 

30 

- 

Ircs 

Read Command Set-Up Time 

0 

- 

Irch 

Read Command Hold Time 

0 

- 

tRRH 

Read Command Hold Time refer¬ 
enced to RAS 

0 

■ 

WCH 

Write Command Hold Time 

10 

- 


THMxxxxxx-70 


MIN MAX 








15 




UNIT 


ns 

ns 

ns 

ns 

ns 

ns 

ns 

- 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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DRAM Module A.C. Conditions No.ll 
lMx4-Based Module, with OE 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (CONT) 


THMxxxxxx-60 THMxxxxxx-70 THMxxxxxx-80 


SYMBOL 

PARAMETER 


Write Command Pulse Width 

^RWL 

Write Command to RAS Lead Time 

*CWL 

Write Command to CAS Lead Time 

^DS 

Data Set-Up Time 

^DH 

Data Hold Time 

tREF 

Refresh Period 

twcs 

Write Command Set-Up Time 

k:wD 

CAS to WRITE Delay Time 

tRWD 

RAS to Wri te Delay Time 

^AWD 

Column Address to WKl TE Delay 
Time 

k:PWD 

CAS Precharge to Wktie Delay 
Time 

k:sR 

CAS Set-Up Time 
(CAS before RAS Cycle) 

k:HR 

CAS Hold Time 
(CAS before RAS Cycle) 

tRPC 

RAS to CaS Precharge Time 

k:PT 

CaS Precharge Time 

(CAS before RAS Counter Test 

Cycle) 

^ROH 

RAS Hold Time referenced to DE 

k)EA 

DE to Access Time 

k)ED 

DE to Data Delay 

k)EZ 

Ouput buffer turn off Delay Time 
fromDE 

k)EH 

DE Command Hold Time 

k)DS 

Output Disable Set-Up Time 

twTS 

Write Command Set-Up Time 
(Test Mode In) 

twTH 

Write Command Hold Time 
(Test Mode In) 

twRP 

WRllE to RAS Precharge Time 
(CAS before RAS Cycle) 

twRH 

Write to RAS Hold Time 
(CAS before RaS Cycle 
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DRAM Module A.C. Conditions No.ll 
lMx4-Based Module, with OE 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS IN THE TEST MODE (Vcc = 5V ± 10%,Ta = 
0~70°C) (Notes 6,7,8) 


SYMBOL 

PARAMETER 

THMxxxxxx-60 

THMxxxxxx-70 

THMxxxxxx-80 

UNIT 

NOTE 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

tRC 

Random Read or Write Cycle Time 

115 

- 

135 

- 

155 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

50 

- 

50 

- 

55 

- 

ns 


^RAC 

Access Time from RAS 

■ 

65 

■ 

75 

■ 

85 

ns 

9,14, 

15 

k;AC 

Access Time from CAS 

- 

25 

- 

25 

- 

25 

ns 

9,14 

^AA 

Access Time from Column Address 

- 

35 

- 

40 

- 

45 

ns 

9,15 

k:PA 

Access Time from CAS Precharge 

- 

45 

- 

45 

- 

50 

ns 

9 

^RAS 

RAS Pulse >\^dth 

65 

10,000 

75 

10,000 

85 

10,000 

ns 


^RASP 

RAS Pulse Width (Fast Page Mode) 

65 

200,000 

75 

200,000 

85 

200,000 

ns 


^RSH 

RAS Hold Time 

25 

- 

25 

- 

25 

- 

ns 


tcSH 

CAS Hold Time 

65 

- 

75 

- 

85 

- 

ns 


^RHCP 

CaS Precharge to RAS Hold Time 

45 

- 

45 

- 

50 

- 

ns 


k:AS 

CAS Pulse Width 

25 

10,000 

25 

10,000 

25 

10,000 

ns 


^RAL 

Column Address to RAS Lead 

Time 

35 

■ 

40 


45 

* 

ns 

■ 
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DRAM Module AC. Conditions No.ll 
lMx4-Based Module, with OE 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to 
the device. 

2. All voltages are referenced to Vss- 

3- Icci> Icc 3 > Icc 4 > Icc6 depend on cycle rate. 

4. Icci. Icc4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=Vil* of fcc 4 > oan be changed once or less 

during a fast page mode cycle (tpc). 

6 . An initial pause of 200ps is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tx=5ns. 

8 . VjH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between Vj^ and Vjl. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10 . toFF (max.) and toEz (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

11. Either t^cH or t^RH "rust be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge 
in Read-Modify-Write cycles. 

13. Wcs' ^RWO' tcwD’ Uwo 3od tcpwD ^i^e not restictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If t^cs >%cs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If tRWD^tRWD (min.), 
tcwD>k:wD (min.), tAWD^tAWD (min.) and tcpwp>tcpwDD (min.), (Fast Page Mode), the cycle is a Read- 
Modify-Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the tR^o (max.) limit insures that tRAc can be met. tR^p (max.) is specified as a 
reference point only: If Ircd is greater than the specified tR^o (max.) limit, then access time is controlled 

icAC- 

15. Operation within the tRAo (max.) limit insures that tRAc (max.) can be met. tRAo (max.) is specified as 
a reference point only: If Iraq is greater than the specified tRAo (max.) limit, then access time is 
controlled by Iaa- 
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DRAM Module A.C. Conditions Noll 
lMx4-Based Module, with OE 


TIMING WAVEFORMS 

READ CYCLE 



: ”H* or 'L‘ 
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DRAM Module A.C. Conditions No.ll 
lMx4-Based Module, with OE 
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DRAM Module A.C. Conditions No.ll 
lMx4-Based Module, with OE 

WRITE CYCLE (DE CONTROLLED WRITE) 









DRAM Module A.C. Conditions No.ll 
lMx4-Based Module, with OE 


READ-MODIFY-WRITE CYCLE 




ZSS 


A0~A9 


WRITE 




'H* or "L* 


n.an 
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DRAM Module A.C. Conditions No.ll 
lMx4-Based Module, with OE 
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DRAM Module A.C. Conditions No.ll 
lMx4-Based Module, with OE 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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DRAM Module AC. Conditions No.ll 
lMx4-Based Module, with OE 


FAST PAGE MODE READ-MODIFY-WRITE CYCLE 



*1 Dout 


*2 Dout 


Dout 
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DRAM Module A.C. Conditions No.ll 
lMx4-Based Module, with OE 










DRAM Module A.C. Conditions No.ll 
lMx4-Based Module, with OE 


HIDDEN REFRESH CYCLE (READ) 
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DRAM Module AC. Conditions No.ll 
lMx4-Based Module, with OE 
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DRAM Module A.C. Conditions No.ll 
lMx4-Based Module, with OE 












DRAM Module A.C. Conditions No.ll 
lMx4-Based Module, with OE 





DRAM Module A.C. Conditions No.ll 
lMx4-Based Module, with OE 









DRAM Module AC. Conditions No.ll 
lMx4-Based Module, with OE 


WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 



Note : 0out*OPEN ^ : "H* or *L‘ 
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DRAM Module A.C. Conditions No.ll 
lMx4-Based Module, with OE 


FAST PAGE MODE READ CYCLE IN THE TEST MODE 



Note : SF=:"L'’. Din “OPEN 
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DRAM Module A.C. Conditions No.ll 
lMx4“Based Module, with OE 


FAST PAGE MODE WRITE CYCLE IN THE TEST MODE 
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DRAM Module A.C. Conditions No.ll 
lMx4-Based Module, with OE 


TEST MODE 

The TC514400AJ/ASJ/AFT/ATR is the RAM organized 1,048,576 words by 4 bits, it is internally 
organized 524,288 words by 8 bits. In “Test Mode”, data are written into 8 sectors in parallel and retrieved the 
same way. Aqc is not used. If, upon reading, two bits on one I/O pin are equal (all “T’s or “0”s), the I/O pin 
indicates a"!”. 

If they were not equal, the I/O pin would indicate a “0”. Fig. 1 shows the block diagram of TC514400AJ/ 
ASJ/AFT/ATR. In “Test Mode”, the 1MX4 DRAM can be tested as if it were a 512K X 4 DRAM. 

“WRITE, CAS Before RAS Refresh Cycle puts the device into “Test Mode”. And “CAS Before RAS 
Refresh Cycle” or RAS Only Refresh Cycle” puts it back into “Normal Mode”. In the Test Mode, “WRITE, 
CaS Before RAS Refresh Cycle” performs the refresh operation with internal refresh address counter. The 
“Test Mode” function reduces test times (1/2 in case of N test pattern). 

BLOCK DIAGRAM IN THE TEST MODE 



Figure r 
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DRAM Module AC. Conditions No.l2 
lMx4/lMxl TSOP-Based Modules 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (Vcc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 


SYMBOL 

PARAMETER 

tRC 

Random Read or Write Cycle Time 

tpc 

Fast Page Mode Cycle Time 

tRAC 

Access Time from RAS 

k:AC 

Access Time from CAS 

^AA 

Access Time from Column Address 

tcPA 

Access Time from CaS Precharge 

k:LZ 

CAS to Output in Low-Z 

k)FF 

Output Buffer Turn-off Delay 

tj 

Transition Time (Rise and Fall) 

tRP 

RAS Presharge Time 

tRAS 

RAS Pulse Width 

tRASP 

RAS Pulse Width (Fast Page Mode) 

^RSH 

RAS Hold Time 

Irhcp 

RAS Hold Time From CAS 

Precharge (Fast Page Mode) 

tcSH 

CAs Hold Time 

k:AS 

CM Pulse Width 

^RCD 

RAS to CAS Delay Time 

Wd 

RAS to Column Address Delay Time 

k:RP 

CAS to RAS Precharge Time 

k:p 

CAS Precharge Time 

UsR 

Row Address Set-Up Time 

tRAH 

Row Address Hold Time 

Use 

Column Address Set-Up Time 

tcAH 

Column Address Hold Time 

W 

Column Address Hold Time 
referenced to RAS 

tRAL 

Column Address To RAS Lead Time 

Ucs 

Read Command Set-Up Time 

UCH 

Read Command Hold Time 

tRRH 

Read Command Hold Time refer¬ 
enced to RAS 

WcH 

Write Conunand Hold Time 

twCR 

Write Command Hold Time refer¬ 
enced to RAS 


THMxxxxxx-60 


MIN MAX 


THMxxxxxx-70 THMxxxxxx-80 


MIN MAX MIN MAX 
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DRAM Module A.C. Conditions No.l2 
lMx4/lMxl TSOP-Based Modules 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (CONT) 


SYMBOL 

PARAMETER 

THMxxxxxx-60 

THMxxxxxx-70 

THMxxxxxx-80 

UNIT 

NOTE 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

w 

Write Command Pulse Width 

10 

- 

15 

- 

15 

- 

ns 


^RWL 

Write Command to RAS Lead Time 

20 

- 

20 

- 

20 

- 

ns 


tcWL 

Write Command to CaS Lead Time 

20 

- 

20 

- 

20 

- 

ns 


^DS 

Data Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


^DH 

Data Hold Time 

15 

- 

15 

- 

15 

- 

ns 


tpHR 

Data Hold Time referenced to RaS 

50 

- 

55 

- 

60 

- 

ns 


Iref 

Refresh Period 

- 

16 

- 

16 

- 

16 

ms 


Wes 

Write Command Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 

12 

k:sR 

CAS Set-Up Time 
(CAS before RAS Cycle) 

5 

a 

5 

a 

5 

a 

ns 


k:HR 

CAS Hold Time 
(CAS before RAS Cycle) 

15 


15 

a 

15 

a 

ns 

■ 

^RPC 

RAS to CAS Precharge Time 

5 

- 

5 

- 

5 

- 

ns 


tcPT 

CAS Precharge Time 

(CaS before RAS Counter Test 

Cycle) 

30 

■ 

40 

■ 

40 

■ 

ns 

■ 

Wrp 

WrI'I'E to RAS Precharge Time 
(CAS before RAS Cycle) 

10 

■ 

10 

■ 

10 

a 

ns 

■ 

Wrh 

Write to RAS Hold Time 
(CAS before RAS Cycle 

10 

a 

10 

a 

10 

B 

ns 

■ 
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DRAM Module A.C. Conditions No.l2 
lMx4/lMxl TSOP-Based Modules 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to 
the device. 

2. All voltages are referenced to Vss- 

3- Icci- Icc 3 - Icc 4 - Icc6 depend on cycle rate. 

4. Icci, Icc 4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=Vjl. In case of Icc 4 , it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 200ps is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume ti=5ns. 

8. VjH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between and Vjl. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

11. Either t^cH or ^rrh must be satisfied for a read cycle. 

12. twcs oot a restictive operating parameter. It is included in the data sheet as electrical characteristic 
only. If t^cs >twcs (min.), the cycle is an early write cycle and the data output will remain open circuit 
(high impedance) through the entire cycle. 

13. Operation within the t^cD (max.) limit insures that tj^c oan be met. t^cD (max.) is specified as a 
reference point only: If Ircd i® greater than the specified tRco (max.) limit, then access time is controlled 
by tcAC- 

14. Operation within the tR^p (max.) limit insures that tR^c (max.) can be met. tR^o (max.) is specified as 
a reference point only: If tR^o i® greater than the specified tR^p (max.) limit, then access time is 
controlled by t^A. 
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DRAM Module AC. Conditions No.l2 
lMx4/lMxl TSOP-Based Modules 


READ CYCLE 
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DRAM Module A.C. Conditions No.l2 
lMx4/lMxl TSOP-Based Modules 
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DRAM Module A.C. Conditions No.l2 
lMx4/lMxl TSOP-Based Modules 



























DRAM Module AC. Conditions No.l2 
lMx4/lMxl TSOP-Based Modules 
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DRAM Module A.C Conditions No.l3 
4Mx4 4K Refresh-Based Modules 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (Vcc = 5V +10%, Ta = 0~70°C)(Notes 6,7,8) 


SYMBOL 

PARAMETER 

THMxxxxxx-60 

THMxxxxxx-70 

UNIT 

NOTE 

MIN 

MAX 

MIN 

MAX 

tRC 

Random Read or Write Cycle Time 

no 

- 

130 

- 

ns 


tRMW 

Read-Modify-Write Cycle 

155 

- 

180 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

40 

- 

45 

- 

ns 


tpRMW 

Fast Page Mode Read-Modify-Write 
Cycle Time 

85 

■ 

95 


ns 


^RAC 

Access Time from RAS 

■ 

60 

“ 

70 

ns 

9,14, 

15 

k;AC 

Access Time from CAS 

- 

15 

- 

20 

ns 

9,14 

^AA 

Access Time from Column Address 

- 

30 

- 

35 

ns 

9,15 

tcPA 

Access Time from CAS Precharge 

- 

35 

- 

40 

- 

9 

tCLZ 

CAS to Output in Low-Z 

0 

- 

0 

- 

ns 

9 

^OFF 

Output Buffer Turn-off Delay 

0 

15 

0 

15 

ns 

10 

tj 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

ns 

8 

tRP 

RAS Presharge Time 

40 

- 

50 

- 

ns 


^RAS 

RAS Pulse Width 

60 

10,000 

70 

10,000 

ns 


^RASP 

RAS Pulse Width (Fast Page Mode) 

60 

200,000 

70 

200,000 

ns 


^RSH 

RAS Hold Time 

15 

- 

20 

- 

ns 


Irhcp 

RAS Hold Time From CAS 

Precharge (Fast Page Mode) 

35 

* 

40 

‘ 

ns 


k:sH 

CAS Hold Time 

60 

- 

70 

- 

ns 


tcAS 

CAS Pulse Width 

15 

10,000 

20 

10,000 

ns 


^RCD 

RAS to CaS Delay Time 

20 

45 

20 

50 

ns 

14 

tRAD 

RAS to Column Address Delay Time 

15 

30 

15 

35 

ns 

15 

k:RP 

CAS to RAS Precharge Time 

5 


5 


ns 


tcp 

CAS Precharge Time 

10 

- 

10 

- 

ns 


USR 

Row Address Set-Up Time 

0 

- 

0 

- 

ns 


tRAH 

Row Address Hold Time 

10 

- 

10 

- 

ns 


^ASC 

Column Address Set-Up Time 

0 

- 

0 

- 

ns 


tcAH 

Column Address Hold Time 

10 

- 

15 

- 

ns 


tRAL 

Column Address To RAS Lead Time 

30 

- 

35 

- 

ns 


^RCS 

Read Command Set-Up Time 

0 

- 

0 

- 

ns 


tRCH 

Read Command Hold Time 

0 

- 

0 

- 

ns 

11 

tRRH 

Read Command Hold Time refer¬ 
enced to RAS 

0 

- 

0 

■ 

ns 

11 

^WCH 

Write Command Hold Time 

10 

- 

15 

- 

ns 
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DRAM Module AC. Conditions No.l3 
4Mx4 4K Refresh-Based Modules 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (CONT) 



SYMBOL 

PARAMETER 

THMxxxxxx-60 

MIN 

MAX 

twp 

Write Command Pulse Width 

10 

- 

tRWL 

Write Command to RAS Lead Time 

15 

- 

k:wL 

Write Command to CAS Lead Time 

15 

- 

tos 

Data Set-Up Time 

0 

- 

toH 

Data Hold Time 

10 

- 

tREF 

Refresh Period 

- 

64 

twcs 

Write Command Set-Up Time 

0 

- 

k:wD 

CAS to WRITE Delay Time 

40 

- 

tRWD 

RaS to WRl'l'H Delay Time 

85 

- 

UWD 

Column Address to WRl'l E Delay 
Time 

55 

a 

tcPWD 

CAS Precharge to WKl'l'E Delay 
Time 

60 

a 

k:SR 

CAS Set-Up Time 
(CAS before RAS Cycle) 

5 

■ 

k:HR 

CAS Hold Time 
(CAS before RAS Cycle) 

10 

a 

^RPC 

RAS to CAS Precharge Time 

5 

- 

k:PT 

CAS Precharge Time 

(CAS before RAS Counter Test 

Cycle) 

20 

■ 

^ROH 

RAS Hold Time referenced to OE 

10 

- 

k)EA 

DE to Access Time 

- 

15 

k)ED 

DE to Data Delay 

15 

- 

k)EZ 

Ouput buffer turn off Delay Time 
fromDE 

0 

15 

toEH 

DE Command Hold Time 

15 

- 

k)DS 

Output Disable Set-Up Time 

0 

- 

t\VTS 

Write Command Set-Up Time 
(Test Mode In) 

10 

a 

^WTH 

Write Command Hold Time 
(Test Mode In) 

10 

■ 

%RP 

WRITE to RAS Precharge Time 
(CAS before RAS Cycle) 

10 


m 

Write to RAS Hold Time 
(CAS before RAS Cycle 

10 

a 
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DRAM Module A.C. Conditions No.l3 
4Mx4 4K Refresh-Based Modules 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS IN THE TEST MODE (Vcc = 5V ± 10%,Ta = 
0~70°C)(Notes 6,7,8) 


SYMBOL 

PARAMETER 

THMxxxxxx-60 

THMxxxxxx-70 

UNIT 

NOTE 

MIN 

MAX 

MIN 

MAX 

tRC 

Random Read or Write Cycle Time 

115 

- 

135 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

45 

- 

50 

- 

ns 


^RAC 

Access Time from RAS 

" 

65 

“ 

75 

ns 

9,14, 

15 

tcAC 

Access Time from CAS 

- 

20 

- 

25 

ns 

9,14 

^AA 

Access Time from Column Address 

- 

35 

- 

40 

ns 

9,15 

tcPA 

Access Time from CAS Precharge 

- 

40 

- 

45 

ns 

9 

^RAS 

RAS Pulse Width 

65 

10,000 

75 

10,000 

ns 


tRASP 

RaS Pulse Width (Fast Page Mode) 

65 

200,000 

75 

200,000 

ns 


^RSH 

RAS Hold Time 

20 

- 

25 

- 

ns 


tcSH 

CAS Hold Time 

65 

- 

75 

- 

ns 


^RHCP 

CAS Precharge to RAS Hold Time 

40 

- 

45 

- 

ns 


tCAS 

CAS Pulse Width 

20 

10,000 

25 

10,000 

ns 


tRAL 

Column Address to RAS Lead 

Time 

35 

* 

40 


ns 
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DRAM Module AC. Conditions No.l3 
4Mx4 4K Refresh-Based Modules 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to 
the device. 

2. All voltages are referenced to Vss- 
IcCl’^CC3> IcC4> IcC6 

4. Icci. IcG 4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=Vil. In case of Icc 4 . it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 200ps is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tT=5ns. 

8. VjH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between and Vjl. 

9. Measured with a load equivalent to 2 TTL loads and l(X)pF. 

10. toFF (max.) and to E2 (max.) define the time at which the output achieves the open circuit condition 
and are not referenced to output voltage levels. 

11. Either tR^H o*" ^rrh be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge 
in Read-Modify-Write cycles. 

13. twcs is not a restictive operating parameter. It is included in the data sheet as electrical characteristic 
only. If %(;;s >lwcs (min.), the cycle is an early write cycle and the data output will remain open circuit 
(high impedance) through the entire cycle. 

14. Operation within the tRco (max.) limit insures that tR^c can be met. tRco (max.) is specified as a 
reference point only: If Ircd is greater than the specified tRco (max.) limit, then access time is controlled 
by tcAc- 

15. Operation within the tR^p (max.) limit insures that tR^c (max.) can be met. tR^o (max.) is specified as 
a reference point only: If tRAo is greater than the specified tR^^ (max.) limit, then access time is 
controlled by t^. 
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DRAM Module A.C. Conditions No.l3 
4Mx4 4K Refresh-Based Modules 


TIMING WAVEFORMS 

READ CYCLE 
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4Mx4 4K Refresh-Based Modules 
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DRAM Module A.C. Conditions No.l3 
4Mx4 4K Refresh-Based Modules 


WRITE CYCLE (DE CONTROLLED WRITE) 









DRAM Module A.C. Conditions No.l3 
4Mx4 4K Refresh-Based Modules 


READ-MODIFY-WRITE CYCLE 




n-RP 
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DRAM Module AC. Conditions No. 13 
4Mx4 4K Refresh-Based Modules 


FAST PAGE MODE READ CYCLE 



Note: D,n = OPEN 


"H" or ”L* 
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DRAM Module A.C. Conditions No.l3 
4Mx4 4K Refresh-Based Modules 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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DRAM Module AC. Conditions No. 13 
4Mx4 4K Refresh-Based Modules 


FAST PAGE MODE READ-MODIFY-WRITE CYCLE 






A0~A9 


10, All 


WRITE 


E5E 


Dm/ 

Door 



*1 Dout> 


*2 Dour 2 


*3 DoutN 
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DRAM Module A.C. Conditions No.l3 
4Mx4 4K Refresh-Based Modules 









DRAM Module A.C. Conditions No.l3 
4Mx4 4K Refresh-Based Modules 


nroOEN REFRESH CYCLE (READ) 


IrC , 




Note: Din = OPEN 
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DRAM Module A.C. Conditions No.l3 
4Mx4 4K Refresh-Based Modules 
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DRAM Module A.C. Conditions No.l3 
4Mx4 4K Refresh-Based Modules 
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4Mx4 4K Refresh-Based Modules 
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4Mx4 4K Refresh-Based Modules 
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4Mx4 4K Refresh-Based Modules 
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DRAM Module AC. Conditions No.l3 
4Mx4 4K Refresh-Based Modules 


FAST PAGE MODE READ CYCLE IN THE TEST MODE 




Note ; CF=*L' , Din=OPEN 


'H' or "L" 
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DRAM Module A.C. Conditions No.l3 
4Mx4 4K Refresh-Based Modules 


FAST PAGE MODE WRITE CYCLE IN THE TEST MODE 
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DRAM Module A.C. Conditions No.l3 
4Mx4 4K Refresh-Based Modules 


TEST MODE 

The TC5116400J is the RAM organized 4,194,304 words by 4 bits, it is internally organized 1,048,576 
words by 16 bits. In “Test Mode”, data are written into 16 sectors in parallel by using only 1/01. Ajc, Aq^ are 
not used. If, upon reading, 16 bits are equal (all “T’s or “0”s), the 1/04 pin indicates a**!”. 

If they were not equal, the 1/04 pin would indicate a “0”. I/Ol, 1/02 and 1/03 always indicate a “1” during 
test mode read cycle. Fig. 1 shows the block diagram of TC5116400J. In “Test Mode”, the 4MX4 DRAM can 
be tested as if it were a IM X 16 DRAM. 

“WRITE, CAS Before RAS Refresh Cycle” puts the device into “Test Mode”. And “CAS Before RAS 
Refresh Cycle” or RAS Only Refresh Cycle” puts it back into “Normal Mode”. In the Test Mode, “WRITE, 
CAS Before RAS Refresh Cycle” performs the refresh operation with internal refresh address counter. The 
“Test Mode” function reduces test times (1/4 in case of N test pattern). 

BLOCK DIAGRAM IN THE TEST MODE 



FIGURE 1 
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DRAM Module AC. Conditions No.l5 
4Mx4/4Mxl-Based Modules 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (Vcc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 


SYMBOL 

PARAMETER 

THMxxxxxx-60 

THMxxxxxx-70 

UNIT 

NOTE 

MIN 

MAX 

MIN 

MAX 

tRC 

Random Read or Write Cycle Time 

110 

- 

130 

- 

ns 


*PC 

Fast Page Mode Cycle Time 

40 

- 

45 

- 

ns 


^RAC 

Access Time from RAS 

“ 

60 

“ 

70 

ns 

9,14 

15 

k:AC 

Access Time from CAS 

- 

15 

- 

20 

ns 

9,14 

^AA 

Access Time from Column Address 

- 

30 

- 

35 

ns 

9,15 

tcPA 

Access Time from CAS Precharge 

- 

35 

- 

40 

- 

9 

k:LZ 

CAS to Output in Low-Z 

0 

- 

0 

- 

ns 

9 

k>FF 

Output Buffer Turn-off Delay 

0 

15 

0 

15 

ns 

10 

h 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

ns 

8 

^RP 

RAS Presharge Time 

40 

- 

50 

- 

ns 


tRAS 

RS5 Pulse Width 

60 

10,000 

70 

10,000 

ns 


tRASP 

RAS Pulse Width (Fast Page Mode) 

60 

200,000 

70 

200,000 

ns 


^RSH 

RAS Hold Time 

15 

- 

20 

- 

ns 


tRHCP 

RAS Hold Time From CAS 

Precharge (Fast Page Mode) 

35 

• 

40 


ns 


k:sH 

CAS Hold Time 

60 

- 

70 

- 

ns 


k:As 

CAS Pulse Mdth 

20 

10,000 

20 

10,000 

ns 


^RCD 

RAS to CAS Delay Time 

20 

40 

20 

50 

ns 

14 

^RAD 

RaS to Column Address Delay Time 

15 

30 

15 

35 

ns 

15 

k:RP 

CAS to RAS Precharge Time 

5 


5 


ns 


k:p 

CAS Precharge Time 

10 

- 

10 

- 

ns 


USR 

Row Address Set-Up Time 

0 

- 

0 

- 

ns 


^RAH 

Row Address Hold Time 

10 

- 

10 

- 

ns 


Use 

Column Address Set-Up Time 

0 

- 

0 

- 

ns 


k:AH 

Column Address Hold Time 

10 

- 

15 

- 

ns 


tRAL 

Column Address To RAS Lead Time 

30 

- 

35 

- 

ns 


Ucs 

Read Command Set-Up Time 

0 

- 

0 

- 

ns 


UcH 

Read Command Hold Time 

0 

- 

0 

- 

ns 

11 
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DRAM Module AC. Conditions No.l5 
4Mx4/4Mxl-Based Modules 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (CONT) 


SYMBOL 

PARAMETER 

THMxxxxxx-60 

THMxxxxxx-70 

UNIT 

NOTE 

MIN 

MAX 

MIN 

MAX 

tRRH 

Read Command Hold Time refer¬ 
enced to RAS 

0 

a 

0 

D 

ns 

11 

twCH 

Write Command Hold Time 

10 

- 

15 

- 

ns 


twp 

Write Command Pulse Width 

10 

- 

15 

- 

ns 


tRWL 

Write Command to RAS Lead Time 

15 

- 

20 

- 

ns 


tcWL 

Write Command to CAS Lead Time 

15 

- 

20 

- 

ns 


^DS 

Data Set-Up Time 

0 

- 

0 

- 

ns 

12 

^DH 

Data Hold Time 

10 

- 

15 

- 

ns 

12 

tREF 

Refresh Period 

- 

32 

- 

32 

ms 


twcs 

Write Command Set-Up Time 

0 

- 

0 

- 

ns 

13 

tcSR 

CAS Set-Up Time 
(CaS before RAS Cycle) 

5 

a 

5 

a 

ns 


k:HR 

CAS Hold Time 
(CAS before RAS Cycle) 

10 

a 

15 

a 

ns 

■! 

^RPC 

RAS to CAS Precharge Time 

5 

- 

5 

- 

ns 


k:PT 

CAS Precharge Time 
(CAS before RA$ Counter Test 

Cycle 

20 

■ 

30 

■ 

ns 

■ 

twRP 

WRl l E to RAS Precharge Time 
(CaS before RaS Cycle) 

10 

a 

10 

a 

ns 


twRH 

Write to RAS Hold Time 
(CAS before RAS Cycle 

10 

■ 

10 

■ 

ns 
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DRAM Module A.C. Conditions No. 15 
4Mx4/4Mxl-Based Modules 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to 
the device. 

2. All voltages are referenced to Vgs. 

3- Icci> Icc 3 > Icc 4 . Icc6 depend on cycle rate. 

4. Iqci. Icc 4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=Vil. In case of Icc 4 , it can be changed once or less 
during a fast page mode cycle (tp^). 

6. An initial pause of 200ps is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RaS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume t-r=5ns. 

8. Vijj (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between and Vjl- 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

11. Either tRcn or Irrh satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge 
in Read-Modify-Write cycles. 

13. %cs is rrot a restictive operating parameter. It is included in the data sheet as electrical characteristic 
only. If t^cs >twcs (min.), the cycle is an early write cycle and the data output will remain open circuit 
(high impedance) through the entire cycle. 

14. Operation within the tpcD (max.) limit insures that tRAc can be met. tRco (max.) is specified as a 
reference point only; If Ircd is greater than the specified tRcp (max.) limit, then access time is controlled 
i’y Rac- 

15. Operation within the tR^o (max.) limit insures that tR^c (max.) can be met. Irad (max.) is specified as 
a reference point only: If Irad is greater than the specified tRAo (max.) limit, then access time is 
controlled by Iaa- 
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DRAM Module A.C. Conditions No.l5 
4Mx4/4Mxl-Based Modules 



WRITE CYCLE (EARLY WRITE) 
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DRAM Module A.C. Conditions No. 15 
4Mx4/4Mxl-Based Modules 


FAST PAGE MODE READ CYCLE 



FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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4Mx4/4Mxl-Based Modules 









DRAM Module AC. Conditions No. 15 
4Mx4/4Mxl-Based Modules 











DRAM Module A.C. Conditions No.l5 
4Mx4/4Mxl-Based Modules 
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DRAM Module AC. Conditions No.16 
4Mx4 2K R^esh-Based Modules 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (Vcc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 


SYMBOL 

PARAMETER 

THMxxxxxx-60 

THMxxxxxx-70 

UNIT 

NOTE 

MIN 

MAX 

MIN 

MAX 

^RC 

Random Read or Write Cycle Time 

no 

- 

130 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

40 

- 

45 

- 

ns 


tRAC 

Access Time from RaS 

“ 

60 

“ 

70 

ns 

9,13, 

14 

k:Ac 

Access Time from CAS 

- 

15 

- 

20 

ns 

9,13 

^AA 

Access Time from Column Address 

- 

30 

- 

35 

ns 

9,14 

k:PA 

Access Time from CAS Precharge 

- 

35 

- 

40 

- 

9 

k:Lz 

CAS to Output in Low-Z 

0 

- 

0 

- 

ns 

9 

k)FF 

Output Buffer Turn-off Delay 

0 

15 

0 

15 

ns 

10 

tj 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

ns 

8 

tRP 

RAS Presharge Time 

40 

- 

50 

- 

ns 


*RAS 

RaS Pulse Width 

60 

10,000 

70 

10,000 

ns 


‘rasp 

Ras Pulse Width (Fast Page Mode) 

60 

200,000 

70 

200,000 

ns 


^RSH 

RAS Hold Time 

15 

- 

20 

- 

ns 


*RHCP 

RAS Hold Time From CaS 

Precharge (Fast Page Mode) 

35 

• 

40 


ns 


k:sH 

CAS Hold Time 

60 

- 

70 

- 

ns 


k:AS 

CAS Pulse Width 

20 

10,000 

20 

10,000 

ns 


^RCD 

RAS to CAS Delay Time 

20 

45 

20 

50 

ns 

13 

^RAD 

Ras to Column Address Delay Time 

15 

30 

15 

35 

ns 

14 

k:RP 

CAS to RaS Precharge Time 

5 


5 


ns 



CAS Precharge Time 

10 

- 

10 

- 

ns 


^ASR 

Row Address Set-Up Time 

0 

- 

0 

- 

ns 


*RAH 

Row Address Hold Time 

10 

- 

10 

- 

ns 


*ASC 

Column Address Set-Up Time 

0 

- 

0 

- 

ns 


^AH 

Column Address Hold Time 

10 

- 

15 

- 

ns 


^RAL 

Column Address To RAS Lead Time 

30 

- 

35 

- 

ns 


*RCS 

Read Command Set-Up Time 

0 

- 

0 

- 

ns 


tRCH 

Read Command Hold Time 

0 

- 

0 

- 

ns 

11 
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DRAM Module AC. Conditions No.16 
4Mx4 2K Refresh-Based Modules 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (CONT) 


SYMBOL 

PARAMETER 

THMxxxxxx-60 

THMxxxxxx-70 

UNIT 

NOTE 

MIN 

MAX 

MIN 

MAX 

^RRH 

Read Command Hold Time refer¬ 
enced to RAS 

0 

■ 

0 

a 

ns 

11 

^WCH 

Write Command Hold Time 

10 

- 

15 

- 

ns 


W 

Write Command Pulse Width 

10 

- 

15 

- 

ns 


^RWL 

Write Command to RAS Lead Time 

15 

- 

20 

- 

ns 


tcWL 

Write Command to CAS Lead Time 

15 

- 

20 

- 

ns 


^DS 

Data Set-Up Time 

0 

- 

0 

- 

ns 


tDH 

Data Hold Time 

10 

- 

15 

- 

ns 


^REF 

Refresh Period 

- 

32 

- 

32 

ms 


twcs 

Write Command Set-Up Time 

0 

- 

0 

- 

ns 

12 

tcSR 

CAS Set-Up Time 
(CAS before RaS Cycle) 

5 

a 

5 

a 

ns 

■ 

k:HR 

CAS Hold Time 
(CAS before RAS Cycle) 

10 

o 

15 

a 

ns 

■ 

^RPC 

RAS to CAS Precharge Time 

5 

- 

5 

- 

ns 


tcPT 

CAS Precharge Time 
(CAS before RAS Counter Test 

Cycle 

20 

■ 

30 

■ 

ns 

■ 

^WTS 

Write Command Set-Up Time 
(Test Mode In) 

10 

a 

10 

■ 

ns 

■ 

twTH 

Write Cortunand Hold Time 
(Test Mode In) 

10 

a 

10 

o 

ns 

■i 

twRP 

WKllE to RAS Precharge Time 
(CAS before RAS Cycle) 

10 

a 

10 

a 

ns 


twRH 

Write to RAS Hold Time 
(CAS before RAS Cycle 

10 

mm 

10 

■ 

ns 

■ 
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DRAM Module A.C. Conditions No. 16 
4Mx4 2K Refresh-Based Modules 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS IN THE TEST MODE 


SYMBOL 

PARAMETER 

THMxxxxxx-60 

THMxxxxxx-70 

UNIT 

NOTE 

MIN 

MAX 

MIN 

MAX 

tRC 

Random Read or Write Cycle Time 

115 

- 

135 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

45 

- 

50 

- 

ns 


tRAC 

Access Time from RAS 

■ 

65 

“ 

75 

ns 

9,13, 

14 

tcAC 

Access Time from CAS 

- 

20 

- 

25 

ns 

9,13 

^AA 

Access Time from Column Address 

- 

35 

- 

40 

ns 

9,14 

tcPA 

Access Time from CAS Precharge 

- 

40 

- 

45 

ns 

9 

tRAS 

RAS Pulse Width 

65 

10,000 

75 

10,000 

ns 


tRASP 

RAS Pulse Width (Fast Page Mode) 

65 

200,000 

75 

200,000 

ns 


tRSH 

RAS Hold Time 

20 

- 

25 

- 

ns 


tcSH 

CAS Hold Time 

65 

- 

75 

- 

ns 


tRHCP 

CAS Precharge to RAS Hold Time 

40 

- 

45 

- 

ns 


k:AS 

CAS Pulse Width 

20 

10,000 

25 

10,000 

ns 


tRAL 

Column Address to RAS Lead 

Time 

35 

• 

40 


ns 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


D-87 





DRAM Module A.C. Conditions No.16 
4Mx4 2K Refresh-Based Modules 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to 
the device. 

2. All voltages are referenced to Vss- 

3- Icci’ Icc 3 ’ Icc 4 » Icc6 depend on cycle rate. 

4. Ieci> Icc 4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RaS=Vil. In case of I(;e 4 > ^ changed once or less 

during a fast page mode cycle (tpc). 

6. An initial pause of 200ps is required after power-up followed by 8 RaS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume t-r=5ns. 

8. (min.) and (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between Vih and Vil- 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

11. Either t^cH ^rrh ^^ust be satisfied for a read cycle. 

12. t^cs is 3 restictive operating parameter. It is included in the data sheet as electrical characteristic 
only. If t^^cs >iwcs (min.), the cycle is an early write cycle and the data output will remain open circuit 
(high impedance) through the entire cycle. 

13. Operation within the tgcp (max.) limit insures that tj^c ni®t- ^rcd (max.) is specified as a 

reference point only: If t^cD is greater than the specified t^co (max.) limit, then access time is controlled 
i’y k;AC- 

14. Operation within the t^Ao (max.) limit insures that t]^c (max.) can be met. t^AD (max.) is specified as 
a reference point only: If Irad ‘S greater than the specified tRAo (max.) limit, then access time is 
controlled by Iaa- 
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DRAM Module AC. Conditions No. 16 
4Mx4 2K Refresh-Based Modules 


READ CYCLE 



WRITE CYCLE (EARLY WRITE) 


"H* or *L* 














DRAM Module AC. Conditions No.16 
4Mx4 2K Refresh-Based Modules 


FAST PAGE MODE READ CYCLE 


us 


A0~A10 


WRITE 


OouT 
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DRAM Module AC. Conditions No.16 
4Mx4 2K Refresh-Based Modules 










DRAM Module AC. Conditions No.16 
4Mx4 2K Refresh-Based Modules 












DRAM Module AC. Conditions No. 16 
4Mx4 2K Refresh-Based Modules 


css BEFORE R55 REFRESH COUNTER TEST CYCLE 
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DRAM Module A.C. Conditions No.16 
4Mx4 2K Refresh-Based Modules 









DRAM Module AC. Conditions No. 16 
4Mx4 2K Refresh-Based Modules 


WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 



Note ; l/02~l/04*‘'H* or “L*. DouT = OPEN : 'H* or 'L' 

FAST PAGE MODE READ CYCLE IN THE TEST MODE 
















DRAM Module A.C. Conditions No.16 
4Mx4 2K Refresh-Based Modules 


FAST PAGE MODE WRITE CYCLE IN THE TEST MODE 
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DRAM Module A.C. Conditions No.16 
4Mx4 2K Refresh-Based Modules 


TEST MODE 

The TC51174100J/FT/TR is the RAM organized 4,194,304 words by 4 bits, it is internally organized 
1,048,576 words by 16 bits. In “Test Mode”, data are written into 16 sectors in parallel by using only I/Ol. Aj^, 
Aoc are not used. If, upon reading, 16 bits are equal (all “l”s or “0”s), the 1/04 pin indicates a “1”. If they were 
not equal, the 1/04 pin would indicate a “0”. I/Ol, 1/02 and 1/03 always indicate a “1” during test mode read 
cycle. Fig. 1 shows the block diagram of TC5117400J/FT/TR. In “Test Mode”, the 4MX4 DRAM can be tested 
as if it were a 1MX16 DRAM. 

“WRITE, CAS Before RaS Refresh Cycle” puts the device into “Test Mode”. And “CaS Before RAS 
Refresh Cycle” or RaS Only Refresh Cycle” puts it back into “Normal Mode”. In the Test Mode, “WRITE, 
CAS Before RaS Refresh Cycle” performs the refresh operation with internal refresh address counter. The 
“Test Mode” function reduces test times (1/4 in case of N test pattern). 


BLOCK DIAGRAM IN THE TEST MODE 



Figure 1 


Tn.C^MIRA AMPDinA Cl iiki^ 
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DRAM Module AC. Conditions No.20 
lMxl6 and IMxlS-Based Modules 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (Vcc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 


THMxxxxxx-70 THMxxxxxx-80 


MIN MAX MIN MAX 


SYMBOL 

PARAMETER 

tRC 

Random Read or Write Cycle Time 

tpc 

Fast Page Mode Cycle Time 

tRAC 

Access Time from RAS 

tcAC 

Access Time from CAS 

^AA 

Access Time from Column Address 

tcPA 

Access Time from CAS Precharge 

k:LZ 

CAS to Output in Low-Z 

hpF 

Output Buffer Turn-off Delay 

h 

Transition Time (Rise and Fall) 

tRP 

RAS Presharge Time 

^RAS 

RAS Pulse Width 

tRASP 

RAS Pulse Width (Fast Page Mode) 

^RSH 

RAS Hold Time 

^RHCP 

RAS Hold Time From CAS 

Precharge (Fast Page Mode) 

k:sH 

CAS Hold Time 

k:AS 

CAS Pulse Width 

^RCD 

RAS to CAS Delay Time 

tRAD 

RAS to Column Address Delay Time 

k:RP 

CAS to RaS Precharge Time 

k:p 

CAS Precharge Time 

UsR 

Row Address Set-Up Time 

tRAH 

Row Address Hold Time 

Use 

Column Address Set-Up Time 

tCAH 

Column Address Hold Time 

tRAL 

Column Address To RAS Lead Time 

Ucs 

Read Command Set-Up Time 

UCH 

Read Command Hold Time 

tRHH 

Read Command Hold Time refer¬ 
enced to RAS 


















































































































































































DRAM Module A.C. Conditions No.20 
lMxl6 and lMxl8-Based Modules 


ELECTMCAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (CONT) 


SYMBOL 



PARAMETER 


Write Command Hold Time 


Write Command Pulse Width 


Write Command to RaS Lead Time 


Write Command to CAS Lead Time 


Data Set-Up Time 


Data Hold Time 


Refresh Period 


Write Command Set-Up Time 


CaS Set-Up Time 
(CAS before rAs Cycle) 


CAS Hold Time 
(CSS before RAS Cycle) 


RaS to CAS Precharge Time 


CSS Precharge Time 

(CAS before RAS Counter Test 

Cycle 


THMxxxxxx-70 THMxxxxxx-80 









































































DRAM Module AC. Conditions No.20 
lMxl6 and lMxl8-Based Modules 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to 
the device. 

2. All voltages are referenced to Vsg. 

3- Iccb Icc 3 < Icc 4 > Icc6 depend on cycle rate. 

4. Icci. Icc 4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=Vjl. In case of Icc 4 . it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 200ps is required after power-up followed by 8 RaS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tT=5ns. 

8. VjH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between Vj^ and Vjl. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

11. Either tRc^ or t^R^ satisfied for a read cycle. 

12. t^cs is 3 restictive operating parameter. It is included in the data sheet as electrical characteristic 
only. If t^vcs >twcs (min.), the cycle is an early write cycle and the data output will remain open circuit 
(high impedance) through the entire cycle. 

13. Operation within the tRco (max.) limit insures that tR^c can be met. tRco (max.) is specified as a 
reference point only: If Ircd is greater than the specified tRco (max.) limit, then access time is controlled 

tcAC- 

14. Operation within the tR^p (max.) limit insures that tR^c (max.) can be met. tR^o (max.) is specified as 
a reference point only: If Ir^d is greater than the specified Iraq (max.) limit, then access time is 
controlled by t^A- 


T/^euiDA 





DRAM Module A.C. Conditions No.20 
IMxlG and IMxlS-Based Modules 







DRAM Module A.C. Conditions No.20 
lMxl6 and lMxl8-Based Modules 










DRAM Module A.C. Conditions No.20 
lMxl6 and lMxl8-Based Modules 


FAST PAGE MODE READ CYCLE 




DRAM Module AC. Conditions No.20 
lMxl6 and lMxl8-Based Modules 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 



Note: OouT * OPEN 


*H* or 'L' 
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DRAM Module A.C. Conditions No.20 
IMxlG and IMxlS-Based Modules 










DRAM Module AC. Conditions No.20 
lMxl6 and lMxl8-Based Modules 









DRAM Module A.C. Conditions No.20 
lMxl6 and lMxl8-Based Modules 



Note: Dour » OPEN ^: “H* or 'L' 


■a[» 
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DRAM Module A.C. Conditions No.20 
lMxl6 and lMxl8-Based Modules 
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Third Generation 
16MDRAM 


TOSfflBA 3RD GENERATION 16M DRAM 

FEATURES 

• 0.5|im Device Technology 

• Single 5V/3.3V supply 

(Internal Voltage Down Converter) 

• 16M Word xl bit Organization 

4M Word x4 bit Organization 

• Access Time / Cycle Time 


*RAC ~ 

— 60ns 

k:AC = 12ns 

tcAc = 15ns 

Iaa =25ns 

Iaa = 30ns 

tcpA = 30ns 

tcPA = 35ns 

Irc = 00ns 

tRc = llOns 

tpc = 35ns 

tp(^ = 40ns 

^HPC “ 20ns 

Irpc ~ 25ns 


• Operating/Standby Current 

Operating Current (led) = 130mA (2K refresh) 

Operating Current (led) = 1300mA (4K refresh) 

Standby Current (Icc5) = 1mA 

• Operation Mode 

Fast Page Mode 

Hyper Page Mode 

Write Per Bit Mode (5V only) 

4CAS Function 

• Refresh 

RAS only Refresh 
CAS before RAS Refresh 
Hidden Refresh 

• All Inputs and Outputs are TTL Compatible 

• 2048 Refresh Cycle/32ms 

• 4096 Refresh Cycle/64ms 

• Package 

BSJ/BST: 26 pin 300 mil Plastic SOJ/TSOP 

BJ/BFT; 28(24) pin 400 mil Plastic SOJ/TSOP (Compatible with First Generation) 
28 pin 300 mil Plastic SOJ/TSOP (4CAS) 
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Third Generation 
16 M DRAM 


26 PIN 300MIL SOJ/TSOP PIN CONNECTION 


16MX1 DRAM 


4MX4 DRAM (4K Refresh) 


4M X 4 DRAM (2K Refresh) 



28 PIN 300MIL SOJ/TSOP PIN CONNECTION (4CSS) 


4MX4 DRAM (4K Refresh) 4MX4 DRAM (2K Refresh: 



Vss 

1/04 

1/03 

CSS? 

CR 

A9 

CSS5 

NC 

A8 

A7 

A6 

A5 

A4 

Vss 















Third Generation 
16MDRAM 



Note: 

Hyper page differs from Fast Page Mode in that rising CAS does not disable the outputs. This allows the 
fastest possible cycle time (tHPC) to be acheived. The above timing diagram does not reflect the case where data 
is continually valid, as it is posible to disable the I/O’s with Hyper Page Mode. Please contact your local Toshiba 
Sales Office for detailed Hyper Page Mode timing parameters and diagrams. 
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Third Generation 
16MDRAM 


512Kx32 CMOS DYNAMIC 



ORGANIZATION 

512Kx32 

PART NO. 

TC116320/I8320B 

PROCESS 

O.Siim 

POWER SUPPLY 

5.0V/3.3V (VOLTAGE DOWN CONVERTER) 

REFRESH 

1024 CYCLES/16ms 


4096 CYCLES/ms 

ROW ADDRESS 

AO-All (4K REFRESH)/A0-A9 (IK REFRESH) 

COLUMN ADDRESS 

A0-A6 (4K REFRESH)/A0-A8 (IK REFRESH) 

ACCESS TIME (ns) 

60/70/80 (5.0V) 70/80 (3.3V) 

PACKAGE 

400mil 70pin SOJ (0.8mm PITCH) 

400mil 70pin TSOP (0.8mm PITCH) 

OPERATION MODE 

FAST PAGE MODE/HYPER PAGE MODE 

BYTE CONTROL 

4/CS5 
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Third Generation 
16M DRAM 


THIRD GENERATION 16M DRAM-BASED MODULES 


1st Gen. 16M DRAM used(400mil) 


3rd Gen. 16M DRAM used(300mil) 


4Mx36 
(36bit Parity) 


THM36402S/SG 


THM36400BS/BSG 


n 

n 


1 

1 

J 


O p~* j.j «| 1".Irj 0 


D 0 


-TC5117400Jx8 
' TC514100ASJ x4 
’ 22.86mm Height 


'TC5117400BSJ x8 
■ Quad CAS(4Mx4)xl 
' 25.40mm Height 


4M x36 

(36bit ECC Module) 


THM364060SG 


THM364070BSG 


i i i, 13 


nmnnr 

°uuuuuuuuu ° 


iiiiiiiiiiiiiiniinin!T>^ 


' TC5117400J x9 
' 17.78mm Height 


’TC51174BSJ x9 
’ 25.40mm Height 


4Mx40 

(40bit ECC Module) 


THM404020SG 


THM404000BSG 


locrorr 


f°r "r nr'"L'T 


c 



’TC51174001x10 
’ 17.78mm Height 


■TC5117400BSJxl0 
’ 25.40mm Height 
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Third Generation 
16MDRAM 


THIRD GENERATION 16M DRAM-BASED MODULES 
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Type 

Package 

Voitage 

Supply 

Target 

Access 

Time 

Organization 

Gen. 

SOJ 

TSOP 

4M DRAM 
(256KX16) 

4th 

o 


3.3V±0.3V 

70ns 

16M ORAM 
(16Mx1,4Mx4) 

3rd 

o 

o 

3.3V±D.3V 

60ns 

16M DRAM 
(2Mx8) 

2nd 

o 

o 

3.3V±0.3V 

70ns 

16M DRAM 
(1Mx16,x18) 

2nd 

o 

o 

3.3V±0.3V 

70ns 
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3.3V DRAM 




3.3V Vcc, I/O Interface Target Spec. 


Abs. Max. Rating 

-0.5~4.6V(Vcc) 

— 0.5~Vcc + 0.5V< (Input pin) 

Vcc Operating 

3.3V ± 0.3V 

VoLMax.(DC) 

0.4V (Iqut = 2mA) 

VoHMin.(DC) 

2.4V (Iqut = -2inA) 

VocMax. (DC) 

0.8V (louT ” 2niA) 

Vqh Max. (AC) 

2.0V (Iqut =-2mA) 

ViL Min. 

-0.3V 

VjL Max. 

0.8V 

VjH Min. 

2.0V 

VjH Max. 

Vcc + 0.3V 
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SmaD Outiine SIMM 


TOSHIBA SMALL OUTLINE SIMM 

50ns 60ns 70ns 80ns 



P’ ’_'n : Under devetopment 
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Small Outline SIMM 


TOSHIBA SMALL OUTLINE SIMM 

1. Outline 


Dimension 



Pin Count 

72pin (50mil pitch Irow / zig-zag read out) 

2. Data bus width 

x32 / 36 bit 

3. Maximum capacity 

256M byte maximum using 256M DRAM 

4. Pin function assignment 


Signals 

Function 

Pin count 

x32 x36 

AOto A13 

Address input 

14 

14 

DQ 

Data-in/Data-out 

32 

36 

/RAS 

Row address strobe 

4 

4 

/CAS 

Column address strobe 

4 

4 

/WE 

Read/Write enable 

1 

1 

Vcc 

Power supply 

3 

3 

Vss 

Ground 

3 

3 

PD 

Presence detect 

7 

7 

NC 

No connection 

4 

0 
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8-Byte SIMM 


TOSHIBA 8-BYTE SIMM 


SOns 60ns 


70ns 


SByleSIMM -y j Based 1Mx4 | —iISM (m x72 i-i THMxxxxxx-50'—i THMxxxxxx-60|—i THMxxxxxx-70l- 






THMwxxx*-60*-^ THMxxxxxx>70r 


-• THMxxxxxX‘60i—:THMxxxxxx-70r 


Based 4Mx4 | » 4MxTO J -ilHMxxxxxx-SOj—;THMxxxxxx-6oj-HTHMxxxxxx-70j 


i 4Mx72 i-jTHMxxxxxx-SOi—;THMxxxxxx-60i—:THMxxxxxx-70i 


80ns 

-jTHMxxxxxx-SOi 


-;THMxxxxxx*80i 


-iTHMxxxxxx-SOi 
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8-Byte SIMM 


i 


TOSHIBA 8-BYTE SIMM 




H 


1 84 

85 168 

L>133.35±0.13mm 
H« 25.40t0.13mm 
T. 4.060mm MAX 



1. Outline 


Dimension 



Pin Count 

168pin (50mil pitch Irow / dual read out) 

2. Data bus width 

x64/72 - bit (Parity mode), x72/80 - bit (ECC mode) 

3. Maximum capacity 

512M byte maximum using 256M DRAM 

4. Pin function assignment 


Signals 

Function 

Pin count 

x32 x36 

ECC mode 

x72 x80 

AO to A13, BO 

Address input 

15 

15 

15 

15 

DQ (, PQ*) 

Data-in/Data-out 

64 

64 

72 

80 

/RAS 

Row address strobe 

4 

4 

4 

4 

/CAS 

Column address strobe 

8 

8 

8 

8 

/WE 

Read/Write enable 

2 

2 

2 

2 

lOE 

Output enable 

2 

2 

2 

2 

Vcc 

Power supply 

16 

16 

16 

16 

Vss 

Ground 

16 

16 

16 

16 

PD 

Presence detect 

8 

8 

8 

8 

ID 

ID bit 

2 

2 

2 

2 

/PDE 

PD enable 

1 

1 

1 

1 

Reserved 

Presence detect 

16 

8 

12 

4 

RFU 

Reserved for future use 

14 

14 

14 

14 


♦PQ is used for x72 parity only. 
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TOSHIBA 


Cross Reference 


DRAM/MODULE CROSS REFERENCE GUIDE 


DRAM (xl/x4) 


Organization 

4Mxl (Fast Page) 

16Mxl (Fast Page) 

lMx4 (Fast Page) 

4Mx4 (2K 
Refresh 

4Mx4 (4K 
Refresh 

TOSHIBA 

TC514000A 

TC5116100 

TC514400A 

TC5117400 

TC5116400 

Fujitsu 

MB814100 

MB8116100 

MB814400 


MB8116400 

Hitachi 

HM514100 

HM5116100 

HM514400 

HM5117400 

HM5116400 

Micron 

MT4C1004 

MT4C16M1A1 

MT4C4001 

MT4C4M4B1 

MT4C4M4A1 

Mitsubishi 

M5M44100 


M5M44400 



Motorola 

MCM514100 


MCM514400 



NEC 

UPD424100 

UPD4216100 

UPD424400 

UPD4217400 

UPD4216400 

Oki 

MSM514100 


MSM514400 



Samsung 

KM41C4000 

KM41C16000 

KM44C1000 

KM44C4100 

KM44C4000 

Siemens 

HYB514100 

HYB511610 

HYB514400 


HYB511640 

TI 

TMS44100 


TMS44400 




DRAM (x8/x9) 


Organization 

512Kx8 

2Mx8(2K Refresh) 

512Kx9 

TOSHIBA 

TC514800A 

TC5117800 

TC514900A 

Hitachi 

HM514800 


HM514900 

Micron 

MT4C8512 

MT4C2M8B1 


Mitsubishi 

M5M44800 


M5M44900 

NEC 

UPD424800A 

UPD4217800 

UPD424900A 


DRAM (xl6/xl8) 


Organization 

256Kxl6 (2 CAS) 

256Kxl6 (2 WE) 

lMxl6 (IK, 2 CAS) 

lMxl8(lK,2CAS) 

TOSHIBA 

TC514260B 

TC514170B 

TC5118160A 

TC5118180A 

Hitachi 

HM514260 

HM514170 



Micron 

MT4C16257 

MT4C16256 

MT4C1M16C3 


Mitsubishi 

M5M44260 

M5M44170 



NEC 

UPD424260A 

UPD424170A 

UPD4218160 

UPD4218180 
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Cross Reference 


MODULE (x32) 


Organization 

lMx32 

2Mx32 

4Mx32 

8Mx32 

TOSHIBA 

THM321000A 

THM362020A 

THM364020 

THM368020 

Hitachi 

HB56D132 

HB56D232 



Micron 

MT8D132 

MT16D232 

MT8D432 

MT16D832 

NEC 

MC421000A32 

MC422000A32 

MC424000A32 

MC428000A32 

Oki 


MSC383 




MODULE (x36) 


Organization 

lMx36 

2Mx36 

4Mx36 

8Mx36 

TOSHIBA 

THM361020A 

THM362020A 

THM364020 

THM368020 

Hitachi 

HB56D136 

HB56D236 

HB56D436 

HB56D836 

Micron 

MT9D136 

MT18D236 

MT12D436 

MT24D836 

Mitsubishi 

MH1M36 

MH2M36 

MH4M36 


NEC 

MC421000A36 

MC422000A36 

MC424000A36 

MC428000A36 

Oki 

MSC2350 




Samsung 

KMM5361000 

KM5362000 
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1.16M DRAM Family and Process Parameters 

1) 16M DRAM (xl/x4) 


Device 

Org. 

^RAC 

*CAC 

Special Function 

TC5116100J/Z/FT/TR-60 
-70 

16Mxl 

60 ns 

70 ns 

IS ns 

20 ns 

Fast Page 

TC5116101J/Z/FT/TR-70 

16Mxl 

70 ns 

20 ns 

Nibble 

TC51 16102J/Z/FT7rR-70 

16Mxl 

70 ns 

20 ns 

Static Column 

TC5116400J/Z/FT/TR-60 
-70 

4Mx4 

60 ns 

70 ns 

IS ns 

20 ns 

Fast Page 4K 

Refresh 

TC5116402J/Z/FT/TR-70 

4Mx4 

70 ns 

20 ns 

Static Colunm 4K 
Refresh 

TC5116410J/Z/FT/TR-70 

4Mx4 

70 ns 

20 ns 

Fast Page Write- 
per-bit 4K Refresh 

TC5117400J/Z/FT/TR-60 
-70 

4Mx4 

60 ns 

70 ns 

IS ns 

20 ns 

Fast Page 2K 

Refresh 

TC5117402J/2yFT/TR-70 

4Mx4 

70 ns 

20 ns 

Static Column 2K 
Refresh 

TC5117410J/Z/FT/TR-70 

4Mx4 

70 ns 

20 ns 

Fast Page Write- 
per-bit 2K Refresh 


J:SOJ package 
Z;ZIP package 
FT:Normal TSOP package 
TRiReverse TSOP package 


2) Key Process Parameters 

1st Generation 16M DRAM 


Process 

Triple-well CMOS 
Double-Poly/WSi2/Double-Metal 

Feature Size 

0.6 p.m 

External Voltage 

5V 

Internal Voltage 

4V 

Transistor 

0.7 ^m (n-ch) 

Lpoly 

0.9 pm (p-ch) 

tox 

160A 

Memory Cell 

Cell Size 

1.57 X 2.95 pm2 (4.63 pm2) 
Trench 

1(X)A (effective) 

Structure 
tox (ONO) 


Bonding Options:xl/x4 

Fast Page / Nibble / Static Column Mode 
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3) 16M DRAM (xS, x9, xl6, xl8) 


Device 

Org. 

^RAC 

k:AC 

Special Function 

TC5116800ANJ/ANT/ANR-60 
-70 

2Mx8 

60 ns 

70 ns 

15 ns 

20 ns 

Fast Page 

4K Refresh 

TC5117800ANJ/ANT/ANR-60 
-70 

2Mx8 

60 ns 

70 ns 

■■ 

Fast Page 

2K Refresh 

TC5116900AJ/AFr/ATR-60 
-70 

2Mx9 

60 ns 

70 ns 


Fast Page 

4K Refresh 

TC5117900AJ/AFT/ATR-60 
-70 

2Mx9 

60 ns 

70 ns 

20 ns 

Fast Page 

2K Refresh 

TC5116160AJ/AFT/ATR-60 
-70 

IMx 16 

60 ns 

70 ns 

15 ns 

20 ns 

Fast Page 

4K Refresh 

2 CAS, 1 WE 

TC5118160AJ/AFT/ATR-70 
-80 

lMxl6 



Fast Page 

IK Refresh 

2 CAS, 1 WE 

TC5116180AJ/AFT/ATR-60 
-70 

lMxl8 

60 ns 

70 ns 

m 

Fast Page 

4K Refresh 

2 CAS, 1 WE 

TC5118180AJ/AFr/ATR-70 
-80 

IMx 18 



Fast Page 

IK Refresh 

2 CAS, 1 WE 


AJrSOJ package (2Mx9:32 pin, lMxl6/18:42 pin) 

ANJ:SOJ package (2Mx8:28 pin) 

AFT:TSOP package (2Mx9:32 pin, IMx16/18:50/44 pin) 
ANT:TSOP package (2Mx8:28 pin) 

ATRiReverse TSOP package (2Mx9:32 pin, IMx16/18:50/44 pin) 
ANR:Reverse TSOP package (2Mx8:28 pin) 
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II. Major reliability study 

The first generation 16M DRAM is a CMOS device based on 0.6 mm design rule. This section details the 
reliability of the Toshiba 16M DRAM technology. 

1) Oxide Breakdown 

Time Dependent Dielectric Breakdown (TDDB) of the 16M DRAM gate oxide is very critical because of 
the very thin oxide layer. (,100A). The TDDB failure rate greatly depends on the process. 

Figure II-l shows the TDDB results for the 16M DRAM process. The reliability of this process exceeds 
10 years even with stress induced by a 5 MV/cm electric field. In order to reduce the electric field in the 16M 
DRAM memory cell capacitor, a 1/2 VINT cell plate is used. 

In order to estimate the field failure rate of actual devices, it is necessary to derive the acceleration factor. 
The relation between the time to failure (tF) and the stress condition is given by the following equationl). 
tF = Ae[-bV + (Ea/kT)] (1) 

where 

A=constant 

Ea=activation energy (eV) 
k=Boltzmann's constant (1.38x10"^^ J/K) 

T=absolute temperature (K) 

V=stress voltage (V) 

P=voltage acceleration factor 

The numerical values for the E^ and P parameters were determined experimentally to be the following. 
Ea = 0.3eV 
P = 3 


Oate Integrity 



-|-'- 1 --- 1 - 

3 4 5 IV) 


Figure II-l. TDDB Results for the 16M DRAM 
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2) Electromigration 

It has been established that, when a high density current is applied to the A1 metal, an open circuit can 
result in this metal. This phenomenon is known as electromigration and is one of the critical failure mechanisms 
relative to the narrow A1 line width of the large scale devices. 

The mechanism of electromigration on a thin film is explained as follows. 

While current flows in the thin film, an electron wind force is applied on the metallic atoms. As a result, 
the A1 atoms diffuse in the direction of the electron flow (from cathode to anode), forming a void on the cathode 
side, and a hillock or a whisker on the anode side. 

The open circuit failure on the thin film occurs when the mass movement in the metal becomes uneven. 
This unevenness is caused by variations in temperature, current density or transfer rate of A1 ions. For example, 
(1) uneven A1 grain size2), (2) generation of device3), and (3) metal in contact with other materials4). 

The electromigration life of the thin film is generally expressed as the mean life (MTTF : Mean Time To 
Failure) as shown belowS). 

MTTF = AJ-" e(\^'^) (2) 

where J is the current density, n is a constant in relation to current density, Ea is the activation energy, T 
is the absolute temperature, k is Boltzmann's constant, and A is a constant in relation to the material, structure, 
and size of the metal. From this expression, it is understood that the mean life increases with the decrease of 
current density or temperature. Also, the life distribution approximates the log normal distribution with small 
dispersion. 

Figure II-2a shows the test condition for the electromigration test. Figures II-2b and II-2c show the results 
of this test for the lines and vias, respectively. The stress conditions are J = 23106 and Ta = 200°C. 
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(Cross Section) 




--Silicon Substrate 

{ Line) 


Electromigration 


Test Vehicles 



Substrate 


Tungsten Filled Conventional Non- 

Structure Filled Structure 

I 

(Via) 


Figure II-2a. Test Conditions for the 16M DRAM Electromigration Test 
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3) Hot electron iiy'ection^ 

The N channel MOS transistor, while operating in the saturation region, generates a large electric field in 
the depletion region around the drain. Electrons, the carriers of the channel current, are accelerated and applied 
with high energy in this region (hot electron) and some of these electrons are scattered as photons and others 
may lose energy through the impact ionization. Some of the electrons scattered as photons and ionized by the 
impact are injected through the Si-Si02 interface to the interior of the gate oxide film. A few of the injected 
electrons are trapped in the gate oxide film, and the others move in the oxide film to be absorbed in the gate 
electrode. The electrons are trapped, primarily, at the pinch-off point around the drain and cause a shift in the 
threshold voltage (Vth) during operation over a long period of time. LDD (Lighted Doped Drain) transistors are 
used in the 16M DRAM to reduce the Vth shift during operation. 

Figures II-3a and II-3b show the hot carrier reliability duty ratio and hot carrier reliability DC stress for 
the 16M DRAM, respectively. 



Tnsec) 


Figure II-3a. Hot Carrier Reliability Duty Ratio 
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4) Soft Error 

As memory density and circuit complexity increase, concern about the DRAM’s susceptibility to soft 
errors also increases because the higher levels of integration have primarily been achieved through a reduction 
of the storage cell size. 

Soft Errors are random, non-recurring, single-bit errors which may be induced by alpha particles emitted 
by radioisotopes in the package material during decay. Electron-hole pairs are generated as the alpha particles 
lose energy after they penetrate the substrate. The electrons are drawn into the storage cells while the holes are 
drawn into the substrate. If the charges collected in the cell exceed the critical charge, a cell mode soft error will 
result. A bit-line soft error can also occur if alpha particles hit a floating node while a bit line is open. As a result 
bit-line soft errors have a higher rate of occurrence with faster cycle times. 

Toshiba has implemented the following countermeasures which have been extremely effective in reducing 
the soft error rates (SER). 

i) Thin oxide films to increase the cell capacitance in order to maintain a high critical charge level. 

ii) A high grade resin to minimize alpha particle emissions from the packaging material. 

Figure II-4 shows the SER test results of our 16M DRAM as compared to the IM and 4M DRAMS. 

Note: 

Soft Error Rates can also be caused by excessive system noise levels and other operating conditions such 
as voltage supply level and timing conditions. A careful system design and an adequate board layout will help 
prevent the occurrence of this type of soft error. 
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Accelerated Test Results 
Soft Error Rate 

(Failures/H) Condition: 



System Test Results 


Test Device 

Device Hour 

Number of fail 

Estimated Soft Error Rate (C.L. = 60%) 

TC514100A 


2 

748 Fit 

TC5116100 


1 

902 Fit 


Test Conditions: = 5V T^ = 35°C 

tRC = 1 M-S 

Test pattern; Checker board 


Figure II-4. 16M DRAM Soft Error Rate Test Results 
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5) ESD sensitivity 

Concerns about Electro-Static Discharge (ESD) increased as thinner oxide gates and fine design rule were 
used in higher density devices. ESD damage results from stray discharge on the device input pins and can cause 
gate oxide failure. Static electricity may be encountered during all stages of the manufacturing process, during 
shipping and during handling by the customer. To protect the devices from damage caused by the high voltages 
generated from static electricity, all inputs are provided with an input protection circuit. 

The input protection circuit of the Toshiba 16M DRAM is shown in Figure II-5a. The resistance (Rl) 
attenuates fast rise time large positive voltage spikes, while the diode (Dl) acts to discharge the electricity to 
Vss- 

The input protection circuit is tested with the following models which simulate ESD-induced failure 
mechanisms; 



Figure II-5a. 16M DRAM Input Protection Circuit 


O 
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TC5116400/0210J ESD Protection TEST Circuit 

Human Body Model: Ro = 1.5 Kt! 

Co = 100 pF 


Machine Model: Ro = 01i 

Plus Co = 200 pF 



Minus 



Figure II-5b. Human Body and Machine Model Test Methods 
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TC5116400/02/1OJ 

Internal Qualification Data for ESD 


Ro= 1500 [D] 
Co = 100 [pF] 


Plus Stress 


1000 


1200 1400 1600 1800 


STRESS [V] 


Minus Stress 


-1000 


-1200 -1400 -1600 -1800 


Figure II-5c. Human Body Model Test Results 


STRESS [V] 



^ Lots 
Q LotC 



2000 

[Measuring Limit] 



-2000 

[Measuring Limit] 


n.iA 
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6) Latch-up 

CMOS devices have intrinsically parasitic thyristors which are composed of parasitic npn and pnp 
transistors, as shown in Figures II-6a and II-6b. 

Input 



N-substrate 


Figure II-6a. Example of parasitic bipolar transistor of a CMOS device 

Vcc 

(Vint) R1: N-well resistance 



Figure II-6b. Equivalent Circuit 


Latch-up is a phenomenon which occurs when these parasitic thyristors are turned on, resulting in a low 
impedance path from VCC to ground (VSS) which usually exceeds the current handling capability of the on- 
chip metallization. Latch-up can be triggered when sufficient current is induced by noise on the input, output or 
VCC pins, resulting in the flow of excessive current from VCC to VSS which continues to flow until VCC is 
turned off. Latch-up initially causes functional device failure and finally causes thermal destruction. With 
increased circuit densities and finer design rules, latch-up sensitivity became more critical. Latch-up immunity 
for devices such as the 16M DRAM has been improved through the use of the following techniques: 

i) Input protection resistances are placed in input circuits. 

ii) The critical resistance of the N-well, P-well, and the N-substrate is greatly reduced with the use of a 
guard ring. 

Toshiba's latch-up test method is shown in Figure n-6c. The test results, shown in Figure II-6d, indicate 
that our 16M DRAMs have a high resistance to latch-up. 
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16M DRAM Latch up TEST Circuit 


Voltage Sequence (1): Latch up checked 

in this duration. 



(Other Pin: Normal Write/Read Opeation) 


2. Input Pin 




Figure II-6c. Latch-up Test Method 
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16M DRAM Latch up Test Result 



Measured Pin 

Spec. 

Sample Size 

Result 

VCC 

+10V 

5 pcs X 3 Lot 

15 /15 Pass 

Input 

+10V 

or 

±100mA 

5 pcs X 3 Lot 

15 /15 Pass 

Output 

-t-lOV 

or 

±100niA 

5 pcs X 3 Lot 

15 /15 Pass 


Figure Latch-up Test Results 
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7) Temperature cycling 

One of the most serious problems for a large die size is an increase in the package resin stress. Figure II- 
7a shows a simulation of the shear stress distribution on the die using the finite element method. The shear stress 
is concentrated on the comer of the die. 

Known failure modes caused by the stress consist of package crack, top passivation crack and metal open 
due to deformation. A low stress resin and a polyimide coating are used for the 16M DRAM in order to prevent 
these failures. 



Figure II-7a. Resin Stress Distribution Over a Die 
(Three-dimensional finite element method) 
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Figure II-7b shows the relation between number of cycles to 1% failure rate and temperature differences 
(DT) of the Temperature Cycling Test (TCT), where devices with conventional resis and without die coating are 
used. 

300 cycles of TCT (265°C/150°C) guarantee more than 10 years of field use (A = 75°C, 2 cycles/day). 
The low stress resin and polyimide coating further extend the life expectancy of Toshiba’s 16M DRAM’s. 



50 100 150 200 250 300 

AT (°C) 


Figure II-7b. Temperature Dependence of TCT Failures 
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8) Humidity study 

Problems associated with humidity become more critical as the die size increases because of the shorter 
path between the outer lead frame and the die despite improvement of the packaging material. For devices with 
fine design rule, moisture penetration will also cause electrical parameter shifting due, in particular, to a voltage 
threshold Vth drift in the P-channel transistors. 

Figure II-8a shows the humidity test results using TEG devices and the temperature dependency (with 
relative humidity fixed at 85%) is given as 

Ea = 0.8 eV for A1 corrosion and E^ = 1.0 eV for parameter shift (& e 

Ea = 0.8 eV indicates that 2000 hours of 85°C/85% or 120 hours of 130°C/85% guarantees 10 years of 
field use at 40°C/85%. 



Figure II-8a. Temperature Dependence of Humidity Failure 
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9) SOJ package reliability during the soldering process 


Plastic surface mount packages are susceptible to cracking induced by moisture absorption. Epoxy resin 
molded packages have a strong tendency to absorb moisture. The absorbed moisture vaporizes when the 
package is exposed to an abrupt and extreme transition in temperature during reflow soldering. The resulting 
pressure of the water v^r can cause the package to crack. 

Thermal Stress 


lUlilll 




Cracks 


Figure n-9a. Mechanism of Package Crack 


Moisture absorption and desorption characteristics of the 16M DRAM SOJ and TSOP packages are shown 
in Figures n-9b, c, d and e, respectively. 


CHARACTERISTICS OF MOISTURE ABSORPTION 



Figure 11-%. Characteristics of Moisture Absorption 
16M DRAM (SOJ-28 400 Mil) 
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Figure n-9c. Characteristics of Moisture Absorption 
16M DRAM (TSOP-28 400 Mil) 



Duration (hours) 

Figure II-9d. Characteristics of Moisture Desorption 
16M DRAM (SOJ-28 400 Mil) 
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16M DRAM (TSOP-28 400 Mil) 



Figure II-9g. V.P.S.Reflow Curve 
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To prevent surface mount package cracks, pre-baking is necessary in order to exhaust the moisture content 
of the package prior to soldering. With the new Toshiba dry packing method the customers will be given the 
benefit of eliminating the pre-baking step in their process. 

Dry packing methods for both tube type and tape and reel tape surface mount packages are shown in Figure 

n-9f. 


Tube Type 


Tape & Reel Type 


1C 


Tube 





Stopper 


ID-C 





Dessicant 
(include indicator) 



note *As the material of moisture proof bag, a laminated aluminum is used. 
*ID:Identification - A (ID-A) 

Part Number, Date Code, Quantity (by labelling or pricing) 
*ID:Identification - B (ID-B) 

Precaution after opening dry packing (by printing) 

*ID;Identification - C (ID-C) 

Precaution for strategic product control (by labelling or 
printing) — COCOM control product only. 

Figure n-9f. Dry Packing Methods 


Recommended Soldering Methods for Soldering SOJ and TSOP: 

A. Vapor phase soldering process: 

1) Fluorinert FC-70* or equivalent should be used as heating media. 

(*3M’s registered trade name) 

2) To be performed at ambient temperature of 215°C for not more than 
30 sec. and at 2(X)°C for not more than 60 sec. 

3) Refer to the figure below as an example of the recommended temperature profile. 
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B. IR reflow 

l)Middle/far IR and both side heaters should be used. (See Figure II-9h.) 

Reflow heater 



Pre heater 
(far IR heater) 


Figure II-9h. IR Reflow Equipment 


2)Refer to the figure below as an example of recommended temperature profile. 
(°C) 



Figure II-9i. IR Reflow Curve 


rs.oft 
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Shipping Form for TSOP 

1) Outline of Packaging 



1 empty 
cover tray 


+ 


5 filled trays 


+ 


Plastic Band 

+ 

1 bag silicagel 
and 

1 Indicator 
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Aluminum Laminate (Thickness; 120 |am) 



in Bag 


Label 

(Indicated P/N, Quantity and Shipping Weekly Code) 




(Indicated P/N, Quantity and Shipping Weekly Code) 


in 

1 Inner Box 


6 Inner Boxes 
Packed in 
1 Shipping Box 


2) Number of TSOP per Shipping Box 


No. of Pin 

No. of TSOP 
per Tray 

No. of Trays per 
Inner Box 

No.ofTSOPs 
per Inner Box 

No. of Inner Boxes 
per Shipping Box 

No.ofTSOPs 
per Shipping Box 

24 

26 

28 

32 

44 

60 pcs 

5+1 cover 

300 pcs 

6 

1800 
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III. Quality and Reliability Assurance 

1) At the stage of new device development; 

Internal qualification tests are performed for the purpose of verifying the 
desired characteristics and reliability levels. TEG qualification for new 
technologies, prior to products qualification, are applied as shown in 
Figure Ill-a. Internal qualification results for products are shown in section IV. 

2) At the stage of mass production: 

In order to monitor the quality and reliability, lot quality assurance inspections 
and a periodical reliability test (long term life test) are performed on the 
finished products on a sampling basis, as shown in Figure Ill-b. If the 
acceptance criteria is not met during the lot assurance test, all the devices 
in the lot are tested or bumed-in again or scraped, depending on the failure category. 



Figure III-l. Qualification Procedure for New Technologies 
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Figure III-2. Quality Assurance System in Mass Production Process 

Classification of Inspection 

Catastrophic Defect 
^iraf Major Defect 

Minor Defect 

Electrical Characteristics Inspection 
High Temp Dynamic Life 
Life High Temp 

Test - 

PCT * Static Bias 


Sampling Plan 

LTPD (%) 

C 

1.2 

0 

1.2 

0 

1.2 

0 

1.2 

0 

20 

0 

20 

0 

20 

0 


Assembly 
lot less 


Table III. MOSIC Product Lot Assurance Inspection Criteria 
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IV. Reliability test results 

RELIABILITY REPORT OF TOSHIBA INTEGRATED CIRCUITS 

Type : CMOS Silicon Gate Dynamic RAM 


TC5116100J16MDRAM 

TC5116100J/Z/FT/TR 

TC5116101J/Z/FT/TR 

TC5116102J/Z/FT/TR 

TC5116400J/Z/FT/TR 

TC5116402J/Z/FT/TR 

TC5116410J/Z/FTyTR 

TC5117400J/Z/FT/TR 

TC5117402J/Z/FT/TR 

TC5117410J/Z/FT/TR 


January 1993 


SEMICONDUCTOR QUALITY ASSURANCE DEPARTMENT 
RELIABILITY ENGINEERING SECTION II 
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1. Test Device 


Type 

Functions 

Package 

Leads 

TC5116100J 

TC5116101J 

TC5116102J 


SOJ 400 mil 

28 (24) 

TC5116100Z 

TC5116101Z 

TC5116102Z 

16,777,216 Words 

X 1 bit 

Dynamic RAM 

ZIP 475 mil 

24 

TC5116100FT/TR 

TC5116101FT/TR 

TC5116102FT/TR 


TSOP 400 mil 

28 (24) 

TC5116400J 

TC5116402J 

TC5116410J 


SOJ 400 mil 

28 (24) 

TC5116400Z 

TC5116402Z 

TC5116410Z 

4,194,304 Words x 

4 bit 

Dynamic RAM 
(4K Refresh) 

ZIP 475 mil 

24 

TC5116400FT/TR 

TC5116402FT/TR 

TC5116410FT/TR 


TSOP 400 mil 

28 (24) 

TC5117400J 

TC5117402J 

TC5117410J 


SOJ 400 mil 

28 (24) 

TC5117400Z 

TC5117402Z 

TC5117410Z 

4,194,304 Words X 

4 bit 

Dynamic RAM 
(2K Refresh) 

ZIP 475 mil 

24 

TC5117400FT/TR 

TC5117402FT/TR 

TC5117410FT/T 


TSOP 400 mil 

28 (24) 


2. Failure Rate Estimation 


Sample Size 

Type 

Equivalent 
Component Hours 

T„ = 60°C, Vrc = 5.0V, 

Ea = 0.3 eV P = 3 

Number of Failures 

Failure Rate (Fit)* 

700 

SOJ 

11.6X10’ 

3 

36 
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3. Test Results 

3.1 Life Tests 


Test Item 

Condition 

Paekage 

Type 

Sample Size 

No. of Failures/Test Time 

High Temper¬ 
ature Operat¬ 
ing 

Ta=125°C 

Vcc=7.0V 

SOI 


168H 

336H 

500H 

lOOOH 

1500H 

2000H 

Low Tempera- 

T,=30°C 

SOJ 

60 

0 


0 

0 

0 

*2i 

tore Operating 

Vcc=7.0V 

0 

■1 

0 

0 

- 

0 

High Temper¬ 
ature Operat- 

II 

o 

n 

SOJ 

300 

0 

0 

0 

0 

■ 

0 

ing 










Temperature 

Humidity 

Bias 

Ta=85°C 

RH=85° 

Vcc=5.5V 

SOJ 

300 

0 

0 

0 

0 

0 

0 

ZIP 

200 

0 

- 

0 

0 

- 

0 

TSOP (FT) 

100 

0 

- 

0 

0 

- 

0 



TSOP (TR) 

100 

0 

- 

0 

0 

- 

0 


*1: Column failure, Single bit failure 
*2: Column failure 


3.2 Thermal Environmental Tests 


Test Item 

Package 

Type 

Sample Size 

Test Time 

Failures 

Soldering Heat 

SOJ 

22 

- 

0 

ZIP 

22 

0 

TSOP 

22 

0 

Temperature * 
Cycling 

SOJ 

300 

l(X)0cyc 

0 

ZIP 

200 

0 

TSOP 

100 

0 

Thermal Shock 

SOJ 

22 

30 eye 

0 

ZIP 

22 

0 

TSOP 

22 

0 

Moisture Resistance 

SOJ 

22 

10 eye 

0 

ZIP 

22 

0 

TSOP 

22 

0 


* With Pre-Conditioning 

SOJ/TSOP (FT):TCT 20 cyc^l25°C 20HBake (SOJ)-> 85°C/60% 168H^ I.R. 

6HBake (TSOP) (240°C max X 4 times) 

TSOP (TR):TCT 20 cyc^ 125°C 6H Bake ’ 30°C/60% 30H-> I.R. (240°C max X 4 times) 
ZIP:TCT 20 eye -> 85°C/85% 168 Solder dip (260°C 10 see.) 
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3.3 Mechanical Tests 


Test Item 

Package 

Type 

Sample Size 

Failures 


Vibration (Variable 
Frequency) 

SOJ 

22 

0 


ZIP 

22 

0 


TSOP 

22 

0 



SOJ 

22 

0 


Mechanical Shock 

ZIP 

22 

0 



TSOP 

22 

0 



SOJ 

22 

0 


Constant Acceleration 

ZIP 

22 

0 



TSOP 

22 

0 


3.4 The Others 





Test Item 

Package 

TVpe 

Sample Size 

Test Time 

Failures 


SOJ 

22 


0 

Solderability 

ZIP 

22 

- 

0 


TSOP 

22 


0 


SOJ 

22 


0 

Salt Atmosphere 

ZIP 

22 

24 hours 

0 


TSOP 

100 


0 


SOJ 

100 


0 

Pressure Cooker"^ 

ZIP 

100 

3(X) Hours 

0 


TSOP 

100 


0 


* With Pre-Conditioning 

SOJ/TSOP (FT):TCT 20 cyc-^125°C 20HBake (SOJ)^ 85°C/60% 168H^ I.R. 

6HBake (TSOP) (240°C max X 4 times) 

TSOP (TR):TCT 20 cyc^ 125°C 6H Bake ’ 30°C/60% 30H-4 I.R. (240°C max X 4 times) 
ZIP:TCT 20 eye -> 85°C/85% 168 H-^ Solder dip {260°C 10 sec.) 
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4. Test Conditions 


Group 

Tests 

Test Conditions 

Referred Standard 

Life Tests 

High Temperature 
Operating 

Tj = Specified Temperature 

Vec = Specified Voltage 

MIL-STD-883 
Method 1005 

High Temperature 
Storage 

Tg = Specified Temperature 

MIL-STD-883 
Method 1008 

Temperature * 
Humidity Bias 

Ta = 85°C, RH = 85% 

Vec = 5.5V, VIM = 5.5 V/GND 

- 

Thermal 

Environmental 

Tests 

Soldering Heat 

260°C, 10 sec. 

Dipped into meltingsolder to a depth 1.5±0.8 mm from 
the body 

MIL-STD-750 
Method 2031 

Temperature * 
Cyeling 

isn°r 

—1 1 100 cycles 

1 20 min 20 min | 

MIL-STD-883 
Method 1010 

Thermal Shock 

0°C 1 5 min | 5 min [ cycles 

MIL-STD-883 
Method 1011 

Moisture Resistance 

65°C 

25°C 

-10°C 


10 cycles 

MIL-STD-883 
Method 1004 

Meehanieal Tests 

Vibration 

(Variable Frequency) 

100~2000 Hz, 20 G, 4 min./l sweep 

3 orientations, 4 times each 

MIL-STD-883 
Method 1008 

Mechanical Shock 

1500 G, 0.5 msec, 

4 orientations, 3 times each 

MIL-STD-883 
Method 2007 

Constant Acceleration 

20000 G, 6 orientations, 1 min. each 

MIL-STD-883 
Method 2002 

The Others 

Solderability 

SOJ 

230°C, 5 sec. 

215°C, 10 sec. 

at least 
95% cov¬ 
ered 

MIL-STD-883 
Method 2001 

Salt Atmoshere 

5% salt atmoshere, 35%C, 24 Hours 

MIL-STD-883 
Method 1009 


Pressure Cooker * 

2.5 atm. (T^ = 127°C, RH = 100%) 

- 


* With PresJSenditioning 

SOJ/TSOP (Fr):TCT 20 cyc->125°C 20HBake (SOJ)-> 85°C/60% 168H^ I.R. 

6HBake (TSOP) (240°C max X 4 times) 

TSOP (TR):TCT 20 cyc-^ 125°C 6H Bake ’ 30°C/60% 30H^ I.R. (240°C max X 4 times) 
ZIP:TCT 20 eye ^ 85°C/85% 168 Solder dip (260°C 10 see.) 
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Symmetrical vs. Asymmetrical Dynamic RAM Addressing 


With the introduction of higher density and wide data path DRAM products, a new method of addressing, 
called asymmetrical addressing, has also been introduced. For example, Toshiba's 16M- bit DRAM product 
lineup includes the following: 


PRODUCT 

ADDRESSING MODE 

16Mxl 

12 Row/12 Column (Symmetrical) 

4Mx4 

12 Row/10 Column (Asynunetrical) 

11 Row/11 Column (Symmetrical) 

2Mx8 

11 Row/10 Column (Asymmetrical) 

lMxl6&lMxl8 

12 Row/8 Column (Asymmetrical) 

10 Row/10 Column (Symmetrical) 


As the advantages and disadvantages of symmetrical and asymmetrical addressing are being discovered, 
the application base and their addressing preference has become segmented. The purpose of this Application 
Note, is to present the advantages and disadvantages of the different addressing modes and to provide foresight 
in matching the addressing mode to the application. 

COMPATIBILITY 

Since DRAM's with symmetrical addressing have the same number of row addresses as column addresses, 
they are backward compatible with the previous generation. This is critical for applications where the higher 
density device will be used to replace the lower density device without a re-design of the DRAM controller. For 
example, the 4Mx4 DRAM with 11 row and 11 column addresses has the same addressing as the 4Mxl DRAM. 

Another important application for symmetrical addressing is in modules. One of the industry's most 
popular module configurations is the lMx36. Current implementations of the lMx36 module use eight pieces 
of lMx4 and four pieces of IMxl DRAM. We can now replace this module with a fully compatible version 
using only 2 pieces of the lMxl8 DRAM with 10 row and 10 column addresses. Besides the performance 
advantages, such as a lower module height profile, and less power consumption and loading, the use of the 
higher density DRAM product also provides lower cost (after price- per-bit crossover) and a solution with a 
longer life. 

DRAM's with asymmetrical addressing cannot be used as "drop-in" replacements for the previous 
generation products, without a redesign of the DRAM controller, due to the incompatibility of addresses. 

REFRESH 

The number of row addresses affects the refresh rate since all rows of the DRAM must be refreshed within 
a specified refresh period. For example, one of the devices previously listed is the 4Mx4 DRAM with 12 row 
addresses and 10 column addresses. Since this device has 12 row addresses, it has 4096 rows of memory cells. 
The industry has also adopted the terminology "4K refresh" to describe the asymmetrical address 4Mx4 device. 

The table below shows how the addressing method affects the refresh rate, using the lMxl6 DRAM as an 
example, and offers some interesting insight for low-power applications . 
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STANDARD REFRESH 

EXTENDED REFRESH 

DRAM TYPE 

BURST 

DISTRIBUTED 

BURST 

DISTRIBUTED 

IMxl6 Asym 

12 Row/8 Col 

4K cycles per 64ms 

1 cycle per lS.6us 

4K cycles per 128ms 

1 cycle per 31us 

IMxl6 Asym 

10 Row/10 Col 

IK cycles per 16ms 

1 cycle per 15.6us 

IK cycles per 128ms 

1 cycle per 125us 


Note; Extended Refresh calculations assume tREF = 128ms max. 


As shown above under the columns labeled "Standard Refresh", the addressing method has no effect on 
the refresh rate when using distributed refresh. The row refresh rate is 15.6 us. However, there are many 
applications which require low standby power consumption utilizing the extended refresh capability of the 
DRAM. The longer the refresh period is extended, the lower the standby power. 

As shown above, there is an advantage for the symmetrical device in applications which use extended 
distributed refresh. The symmetrical device's distributed rate can be extended by a factor of eight vs. only two 
for the asymmetrical device. 

One may wonder why the lMxl6 asymmetrical device’s burst refresh rate is not extended to 4K cycles 
every 512 ms, which would provide a distributed refresh rate of 125 us. The issue is that at 512 ms, some of the 
DRAM cells may lose their data. Although the exact point at which a DRAM cell can no longer retain data 
depends on the DRAM manufacturer's design and process technology, most would probably agree that a refresh 
period (tREF) of 512 ms is very difficult for all of the cells in the DRAM array to achieve. It is possible to screen 
the DRAM for longer data retention periods, however the yields may be very low and resulting price premiums 
unattractive. 

The data retention problem will become even more of an issue for higher density DRAM products and the 
advantage of using synunetrical addressing in extended refresh applications will become even more apparent. 

POWER CONSUMPTION 

The asymmetrical devices were designed to provide a lower power solution. With more rows than 
columns, there is less internal circuitry (sense amplifiers, etc.) per row, hence less power consumed when a row 
is accessed. 

DRAM specifications for average power supply operating current and refresh current clearly show an 
advantage for the asymmetrical device. An example, using Toshiba's 4Mx4 DRAM (a 70 ns device operated at 
minimum cycle time), is shown in the following table. 


SPECIFICATION 

4Mx4 Asym. 

4Mx4 Sym. 

Operating Current 

80mA max. 

110mA max. 

RAS-only Refresh Current 

80mA max. 

110mA max. 

CAS-before-RAS Refresh Current 

80mA max. 

110mA max. 


While these specifications demonstrate a clear advantage for the asymmetrical devices, one must consider 
the application to determine the true power consumption. As mentioned in the previous section, standby current 
is lower for the symetrical device, therefore the percentage of the time the application’s DRAM is active vs. 
inactive (duty-cycle) must be considered to determine overall power consumption. 

During any DRAM access, the peak power consumption occurs when a row is activated (RAS goes active), 
and the average power consumption is inversely proportional to cycle time. This means that applications which 
perform mostly random accesses at minimum cycle time will derive the most benefit from using asymmetrical 
addressing. As the cycle time increases, the power saving benefit of asymmetrical addressing decreases. 
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This last point is especially important for applications which utilize the DRAM's fast page mode 
capability. The longer the application stays in page mode, the smaller the difference in power consumption 
between asymmetrical and symmetrical devices. This is because of the long cycle time associated with fast page 
mode. Toshiba's 4Mx4 DRAM average power supply current specifications for fast page mode verify this, as 
this specification is the same regardless of the addressing mode of the device. 

Some other DRAM devices may show a power consumption advantage for the asymmetrical device in fast 
page mode. This is most likely due to the definition of fast page mode and not a reflection of a long cycle time. 
Most DRAM manufacturers define fast page mode as two or more consecutive column addresses in the same 
page. Obviously, a page length of two does not require a long cycle. 

PAGE LENGTH 

Applications which utilize fast page mode such that data is read from the entire page (or attempt to stay in 
the same page as long as possible) will benefit most from the symmetrical device since it has more colunm 
addresses and hence a longer page length. 

ACCESS TIME 

There appears to be an advantage emerging for wider (xl6/xl8) asymmetrical devices. Faster access and 
cycle times imply higher operating current. In addition, the operating current is even higher for devices with 
symmetrical addressing since more internal circuitry is activated during a random access (when RAS goes low). 
The reliability effects of this large amount of current are now under study for symmetrical addressing. The high 
operating current is only an issue for wider (xl6/xl8) devices because of the Im’ger disparity between 
asymmetrical and synunetrical addressing (12 row addresses vs. 10 row addresses). At this time, Toshiba is 
offering 60 ns for our lMxl6 and lMxl8 DRAM’s with asymmetrical addressing, but only 70 ns for 
symmetrical addressing, with 60 ns under study. 

SUMMARY/CONCLUSION 

A summary of the advantages and probable applications for both addressing modes is shown in the table 
below. New applications which will not realize any major advantage by using either of the two addressing 
modes would benefit most from a DRAM controller design which supports both addressing modes. This allows 
maximum product sourcing flexibility and upward compatibility with higher density products. 


Asymmetrical 


Symmetrical 


1. Backward compatible with older generations 

2. Replacement of older generation module solutions. 

3. Longer extended distributed refresh period in low 
power^attery operated applications 

4. Longer page length, with no difference in power 
consumption vs. asymmetrical device for long page 
mode cycles. 


1. Lower power consumption for random access or fast 
cycle time applications. 

2. Possibility of faster access times for wide I/O 
devices. 
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DRAM Comparison: 5V lMx4 vs. 3.3V lMxl6 

Due to the ever-increasing demand for portable computer products with long battery life, DRAM 
manufacturers have been pushed to supply 3.3V DRAMs. Currently, the supply for 3.3V DRAMs has not been 
able to keep pace with the demand. 

Fortunately, one can replace an existing product designed for 3.3V 4M DRAMs with a new one designed 
for 5V 16M DRAMs, and realize lower power along with several other advantages. An example is shown below 
for a system with 4M bytes of DRAM. 


COMPARISON 

3.3V lMx4 80ns 

5V lMxl6 80ns 

Number of DRAMs for 4MB 

8 

2 

Board area - SOI package 

1.9 (normalized) 

1 (normalized) 

Board area - TSOP package 

2.6 (normalized) 

1 (normalized) 

Operating/Refresh Power 

1.73W max. 

1.32W max. 

Fast Page Mode Power 

1.15W max. 

0.72W max 

Standby Power (TTL) 

28.8mW max. 

22.0mW max. 

Standby Power (CMOS) 

7.2mW max. 

llmW max. 

Input Capacitance (Addr) 

40pF max. 

lOpF max. 

Input Capacitance (Other) 

56pF max. 

14pF max. 


Note 1: The lMxl6 DRAM with symmetrical addressing (10 row/10 colunm) was used for this 
comparison since it is fully compatible with the lMx4 DRAM in terms of addressing and refresh. 

Note 2: The above power consumption comparison is based on maximum DC voltage and current 
specifications. 

As this example clearly shows, the lMxl6 offers not only lower power consumption, but also consumes 
less board area and load capacitance. Similar comparsons could be made for other 16M DRAM products 
replacing 4M DRAMs and the results would be the same . 
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Module Conversion from 4M DRAM Based to 16M DRAM Based 

Toshiba offers several module configurations which have compatible 4M DRAM based and 16M DRAM 
based versions. These are listed below. 


CONFIGURATION 

lMx32 

2Mx32 

lMx36 

2Mx36 

4Mx36 


4M DRAM BASED 

THM321000A 

THM322020A 

THM361020A 

THM362020A 

THM364080A 


16M DRAM BASED 

THM3210B0A 

THM3220C0A 

THM3610B0A 

THM3620C0A 

THM364020 


The advantages of using 16M DRAM based modules to replace 4M DRAM based modules include 
technical advantages such as reduced height profile, power consumption, and input capacitance. An example is 
shown on the next page. At 4M/16M DRAM price per-bit crossover, 16M DRAM based module also provides 
a lower cost solution. There are some additional advantages which may not be as obvious. 

16M DRAM based modules can provide a feasible solution for extending the life of the module. For 
example, one the most popular module configurations is the lMx36. A 4M DRAM based lMx36 is assembled 
with eight lMx4 DRAMs and four IMxl DRAMs. In comparison, the 16M DRAM based lMx36 uses only 
two lMxl8 DRAMs. Long after the IMxl DRAM has been phased out of production (and hence the 4M DRAM 
based lMx36), the 16M DRAM based lMx36 module can still be produced. 

Reduced component count by converting from 4M to 16M DRAM based modules also means a reduction 
in soft error rates on a per bit basis. 

For specific details on the technical advantages of using 16M DRAM based modules, please refer to the 
specific data sheet for the module configuration of interest. 
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x36 MODULE COMPARISON 


4M DRAM Based 
THiyi364080ASG 



rwrfntm'h 


33.02mm Height 


16M DRAM Based 

THM364020SQ 



.I .I .m .N 


22.86mm Height 



CAPACITANCE (Vcc = 5V ± 10%, f=lMHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

4M DRAM Based 

16M DRAM Based 

Cl 

Input Capacitance (AO ~ AlO) 

190 

88 

CI2 

Input Capacitance (W) 

190 

84 

CI3 

Input Capacitance (RASO, RAS2) 

100 

42 

CI4 

Input Capacitance (CASo, CAS2) 

60 

36 

CDQl 

I/O Capacitance (DQO ~ 7,9 ~ 16,18 ~ 25,27 - 34) 

35 

17 

CDQ2 

I/O Capacitance (DQ8, 17, 26,35) 

35 

22 
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DRAM Module Applications 

The industry's most popular DRAM modules consist of various configurations of the 72-pin family. The 
different module configurations of the 72-pin family are optimized for specific applications. The information 
shown below summarizes the various 72-pin module configurations offered by Toshiba, their typical 
applications, and some characteristics which distinguish the different configurations. 

CONFIGURATION TYPICAL APPLICATIONS 

x32 Low to medium range PCs, Printers 

x36 (Parity) Medium to high range PCs, Workstations, Servers 

x36 (ECC) High range PCs, Workstations, Servers 

x40 Workstations, Servers 

The x32 modules are optimized for non-parity applications with 16 or 32-bit data bus widths. A single 
bank x32, such as the lMx32 or 4Mx32, has single RAS and CAS controls. A double bank x32, such the 2Mx32 
or 8Mx32, has double RAS and CAS controls. In either case, a 32-bit word is read or written in each cycle. 

The x36 parity modules are optimized for parity applications. In parity applications, a 9-bit word is read 
or written in each cycle. In the case of single bank x36 parity modules, such as the lMx36 or 4Mx36, there are 
four CAS controls, one for each 9- bit word. Additionally, there are two RAS controls to reduce active power 
consumption and simplify 16-bit data bus width designs. Double bank x36 parity modules, such the 2Mx36 or 
8Mx36, have the same number of CAS controls and twice as many RAS controls to act as bank enables. 

The x36 ECC modules are optimized for 8-byte ECC applications with 64 bits of data and eight ECC bits. 
In this case, a single 36-bit word is read or written in each cycle, and two modules are used to realize the full 
72-bit word. 

The x40 modules are optimized for 4-byte ECC applications with 32 bits of data and seven ECC bits. 
These applications actually need a x39 module, but the use of x4 DRAMs makes x40 easier. Additionally, the 
extra bit has been useful in some custom ECC applications. 

Hopefully this information combined with the data sheets will allow the proper module selection. For 
additional information, please contact your local Toshiba Sales Office. 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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TAEC Regional 
Sales Offices 

NORTHWEST 
Sunnyvaie, CA 

TEL: (408) 737-9844 
FAX: (408) 737-9905 

SOUTHWEST 
Irvine, CA 

TEL: (714) 453-0224 
FAX: (714) 453-0125 

Denver, CO 

TEL: (303) 220-9848 
FAX: (303) 220-9856 

CENTRAL 
Chicago, IL 

TEL: (708) 945-1500 
FAX: (708) 945-1044 

Dailas, TX 

TEL: (214) 480-0470 
FAX: (214) 235-4114 

NORTHEAST 
Boston, MA 

TEL: (617) 224-0074 
FAX: (617) 224-1096 

Edison, NJ 

TEL: (908) 248-8070 
FAX: (908) 248-8030 

SOUTHEAST 
Atlanta, GA 

TEL: (404) 368-0203 
FAX: (404) 368-0075 

Orlando, FL 

TEL: (407) 332-0966 
FAX: (407) 339-3777 
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